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Abstract

Though previous works have discussed the benefits of precolonial centralization for devel-
opment in Africa, the findings and the mechanisms provided do not explain the heterogeneity
in development outcomes of formerly centralized states. Using new survey data from Nige-
ria, I find a significant negative effect of precolonial centralization on access to certain public
services for centralized regions whose leaders failed to cooperate with the autocratic military
regime, and whose jurisdictions were subsequently punished by underinvestment in these
public services, with lasting impacts till today. The long-term effects of this punishment can
be seen in the relatively lower reported trust in institutions of federal authority over traditional
institutions today from respondents from these historically punished areas.The results are ro-
bust to extensive controls and instrumenting for precolonial centralization with an ecological
diversity index.

JEL classification: O10, O43, N37, P48

Keywords: Africa, Development, Precolonial Institutions, Ethnicities, Environment, Inequality,
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1 Introduction

This study uses new micro survey data from Nigeria to explain why the homelands of some

precolonial centralized African states have some of the worst economic development and pub-
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lic service access rates today, going against the prevailing narrative of a positive relationship

between precolonial state centralization and current public service provision and development

outcomes. In contrast with the current literature, results suggest that the mechanism through

which precolonial state centralization (c. 1850) impacts current public service provision is not ’lo-

cal accountability’ as has been posited in previous research (Gennaioli and Rainer, 2007; Herbst,

2014) but through payoffs from cooperation in sequential games between ethnic state leaders and

federal autocratic regimes.

In the Nigerian case, as in much of sub-Saharan Africa, federal autocratic regimes first take

on the identity of the British colonial officials between 1885-1960 and then in the form of the

military government between 1966-1999. When cooperation was the equilibrium outcome be-

tween centralized ethnic state leaders and autocratic federal authorities, public service provision

was positive for centralized states for federally administrated public services. When cooper-

ation broke down, as it did between certain centralized ethnic state leaders and the military

government, the federal military government enacted a punishment regime leading to a nega-

tive relationship between centralization and access to federally administrated, high state control

public infrastructure services.

Recent studies on the origins of African economic development have documented a pos-

itive relationship between historical institutions, particularly political centralization in the pre-

colonial era and modern development outcomes (Gennaioli and Rainer, 2007; Michalopoulos and

Papaioannou, 2013; Osafo-Kwaako and Robinson, 2013; Alsan, 2015; Fenske, 2014). The mecha-

nisms through which this positive association operates remain weakly understood. Additionally,

there are no studies to date which explain the heterogeneity in current outcomes of formerly

centralized precolonial states. Many areas in present day northeast and northwest Nigeria, in-

cluding the current states of Bauchi, Borno, Gombe, Kebbi and Kaduna, to name a few, shown

in Figure 2 were part of centralized states1 in the precolonial era and have some of the poorest

development outcomes in the country today. This paper examines and explains this heterogene-

1Including the Hausa and Bolewa precolonial ethnic states in present day Bauchi, the Kanuri in present day Borno,
the Bolewa in present day Gombe, the Hausa and Reshe in present day Kebbi and the Hausa in present day Kaduna.
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ity with the results showing a nonlinear relationship between precolonial state centralization

and current public service provision using evidence from Nigeria. Specifically, this paper pro-

vides evidence for the hypothesis, supported by the historical literature, that relationships of

cooperation/reward and non-cooperation/punishment between federal autocratic regimes and

precolonial centralized ethnic state leaders drove the public service provision outcomes docu-

mented here and in the previous scholarship.

Important for the identification of the effects of cooperation/non-cooperation and histor-

ically cooperating or non-cooperating states is to distinguish the process of political centraliza-

tion into two distinct, but related periods: a precolonial centralization period and a subsequent

pre-independence centralization period. The first period is the precolonial centralization period

beginning c. 1850 and coinciding with the first game between the ethnic state leaders and the col-

onizers lasting from 1885-1960. Ethnic states can be centralized or not centralized in this period

2. The British colonial autocrats set a fiscal policy instrument (e.g. a tax) indicating a transfer of

initial wealth from the precolonial centralized ethnic state to the British colonial autocrat. Pre-

colonial centralized states may choose to cooperate for some proportion of federal benefits (e.g.

railroad construction (Gardner, 2012)) and increased political autonomy within their regions (Og-

bomo, 2005; Otoide, 2005) or not cooperate and be punished with a withdrawal of these benefits

(e.g. forfeited autonomy through bloody depositions and exiles (Ogbomo, 2005; Otoide, 2005)

). Historical records show that the equilibrium outcome in this first game between the British

colonizers and the precolonial centralized ethnic states was cooperation when the fiscal policy

was set (see Appendix for a simple model).

The second period of political centralization, referred to as pre-independence centraliza-

tion here, is conditional on precolonial centralization status and spurred by differential British

policy between the Muslim North and the South of Nigeria (i.e. an ethnic state may be pre-

independence centralized or non-centralized only if they were precolonial centralized in the pre-

vious game). This led to strengthening of sovereignty among precolonial centralized ethnic state

2reasonably exogenously assigned (Gennaioli and Rainer, 2007) or proxied by an ecological diversity index (Fenske,
2014)
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leaders in the Muslim North (pre-independence centralized areas) and weakening of sovereignty

among precolonial centralized ethnic states in the South (pre-independence non-centralized ar-

eas). The process is described in further detail in Section 2. In the second game between the ethnic

state leaders and the military postcolonial autocrats lasting from 1966-1999, the military autocrats

set a legal policy instrument indicating a transfer of political autonomy from ethnic state leaders

to the federal military government (Blench et al., 2006; Tonwe and Osemwota, 2013). As before,

pre-independence centralized states (conditional on being pre-colonial centralized in the first pe-

riod) may choose to cooperate for some proportion of federal benefits (e.g. access to federally

controlled public services like investments in grid based electricity and sanitation infrastruc-

ture like flush toilets (Tonwe and Osemwota, 2013; Uduku, 1994) ) or not to cooperate and be

punished with a withdrawal of these benefits. In both periods/games, the ethnic state leaders’

centralized status allows the federal autocrats to monitor and target punishment in a punish-

ment regime (Magaloni, 2006). Again, historical records show that the equilibrium outcome in

this second game between the British colonizers and the pre-independence centralized3 ethnic

states was non-cooperation when the legal policy was set 4. This punishment was also worse in

areas ’not favored’ by the military or from which military presidents did not originate during

the post policy period. Also telling as evidence of the punishment is that individuals from these

pre-independence centralized states where the punishment was enacted are less likely to report

’trust’ in federal institutions over their traditional institutions as reported in the Afrobarometer

(Afrobarometer, 2012) 5 data.

In sum, while on average precolonial centralization is strongly associated with increased

access to federally administrated goods, accounting for a 4% increase in grid-based electricity, an

almost 56% increase in health professional density, and a 7% and almost 5% increase in yellow

fever immunization and meningitis immunization respectively, when pre-independence central-

ization, and hence the possibility of being a non-cooperative state in the second period as outlined

3conditional on being precolonial centralized
4see Appendix for a simple model
5The Afrobarometer is ”an African-led series of national public attitude surveys on democracy and governance in

Africa” (www.afrobarometer.org)
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above, is accounted for, the results change noticeably. Specifically, precolonial centralized, pre-

independence centralized (non-cooperative) states experience a statistically significant decrease

in access to grid based electricity by 1%, and decline access to flush toilets by 2%6. This negative

effect, identified as the ’punishment’ here, is magnified for non-favored states. The effect of being

a precolonial centralized, pre-independence centralized (non-cooperative) and non-favored state

is a decrease in access to grid-based electricity by about 4% and a decrease in access to flush

toilets by around 3%. Being a precolonial centralized, pre-independence non-centralized (coop-

erative) state on the other hand is strongly associated with a 7% - 14% increase in access to grid

based electricity and a 3% to about 8% increase in access to flush toilets depending on favored

status.

Figure 1 shows a schematic of the classification of public service types covered in this

paper by federal administrated vs. locally administrated and by level of federal state control of

the good, where medium and high federal state control goods are federally administrated and

low state control goods are locally administrated. Note, the division of goods into federally and

locally administrated categories reflects policy choices made by the federal government rather

than any technological capacity for provision of the public service at the local or federal levels.

The schematic captures a snapshot of administration and control of goods in the 2012 period for

which the survey data was conducted 7. The classification of ’medium’ or ’high’ for federally

administrated goods reflects direct investments made and the length of time the good has spent

under federal state control 8.
6These figures are significant given grid access and flush toilet access rates of 13% and 12% in the sample as shown

in Table 1.
7This analysis has been repeated using less robust DHS data from 2008 and 2013 with similar results, also providing

support for the persistence of the effects identified
8So high state control goods like grid based power access reflect investments made from starting in 1886 and

largely in 1950 through the present and flush toilet access reflects investments made largely around 1977 through the
1980s in Nigeria by the federal, most notably military, regime. On the other hand, medium federal state control goods
like immunization availability have been mostly administrated by the local government (LGA), with exceptions; a
notable one being in 2012, the year of our survey data, where the federal government spearheaded administration of
immunization availability with the first ever national vaccine summit hosted in this year (Erchick and Wonodi, 2012)
and directly solicited ethnic state/traditional leaders’ participation/cooperation in ensuring maximum availability of
the vaccines. Locally administrated goods like pit latrine access and most water access at public primary schools have
generally been under the responsibilities of the LGA in Nigeria and offgrid access at public primary schools, our
primary unit of observation, would also fall under the general purview of the LGA authority as well.
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The primary threat to the validity of this analysis is that the precolonial centralization and

conditional pre-independence centralization9 variables might be capturing some unobserved ef-

fect, omitted in the empirical framework. While the study’s results are based on outcomes from

only one year of data from 2012, effects are strongly significant and statistically different from

0. In alternate specifications, Fenske’s ecological diversity index (Fenske, 2014) is adapted and

used as an instrument for precolonial centralization. Precolonial centralization is also tested and

shows strong positive correlation with satellite night lights data, in line with the main results

from (Michalopoulos and Papaioannou, 2013). These findings provide strong evidence for the

persistent, heterogenous effects of precolonial centralization on current economic development

in Africa through the mechanism of cooperation/reward and non-cooperation/punishment be-

tween ethnic state leaders and federal autocratic regimes. Understanding the drivers behind

the negative outcomes for formerly precolonial centralized states and the historical mechanisms

through which unequal access to public services within countries have manifested is a crucial

first step for an assessment of ways to solve these inequalities. The results of the paper highlight

a point that has been made by numerous scholars (Acemoglu, Reed, and Robinson, 2013; Ace-

moglu, Johnson, and Robinson, 2001a; Falola and Ogundiran, 2005; Agnew, 2005; Herbst, 2014;

Mamdani, 1996; Man, 1988) on the persistent, long-term impacts of historical institutions and ge-

ography on current development outcomes and expands the literature analyzing the mechanisms

concerning the persistence and reversal of fortunes theses in particular (Acemoglu, Johnson, and

Robinson, 2001b).

The layout of the rest of the paper is as follows. Section 2 provides some historical back-

ground, briefly defining some of the terms and actors mentioned in this paper along with a sim-

ple conceptual framework of the cooperation/reward and non-cooperation/punishment mech-

anism. Section 3, describes the data, methods and empirical specification used in this study,

focusing on the results of the OLS specifications. Section 3.4 includes robustness checks for

omitted variable bias using an instrumental variable approach and ecological diversity as an in-

strument for precolonial centralization. Section 4 examines the heterogenous effect of precolonial

9capturing cooperation/non-cooperation in the second period
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centralization on federally administrated goods. Section 5 examines alternative hypotheses. Sec-

tion 6 concludes with a brief discussion on directions for future research and potential policy

implications of this research.

2 Historical Background and Conceptual Framework

2.1 The Actors: Ethnic States, Administrative States, LGAs, LGA-Ethnic Areas and Govern-

ment Structure in Nigeria

Nigeria is a federation made up of a democratically elected federal government, 37 administra-

tive ’states’ or officially 36 administrative states 10 and a Federal Capital Territory (FCT) at Abuja.

The states can be further subdivided into 6 geopolitical zones, broadly amassed under the geopo-

litical North and the geopolitical South (see (a) in Figure 2) with zones strongly correlated with

current and historic ethnic group location as shown in (b) of Figure 2 (so broadly the North-West

is dominated by the Hausa and Fulani ethnic groups, the North-East is largely populated by the

Kanuri ethnic group and the South-West is dominated by the Yoruba ethnic group). The states

can be further subdivided into 774 Local Government Areas (LGAs), the smallest administrative

unit in the country (its equivalent is outlined in grey in (a)) which was created by federal mili-

tary mandate in 1976 to replace the ethnic state leaders as the official arm of local governance in

the country. The other level of political geography this paper will discuss are the ethnic states

delineated in (c) in Figure 2 below, showing the ethnicity based state formations c. 1850. There

is a significant correlation (about .78) between the location of Nigerian respondents to the Afro-

barometer in 2012 and 2008 (shown in (b) in Figure 2) and ethnic group location as identified in

the 1850 map based on the work of anthropologist George Murdock (shown in (a) in Figure 2)11.

The Murdock map is George Murdock’s (1967) Ethnographic Atlas (Murdock, 1967) shows the

spatial distribution of ethnicities across Africa around the mid/late 19th century (Michalopou-

los, 2012). In this paper, leaders of ethnic states as defined in the 1850 Murdock map will be

referred to interchangeably as ethnic state leaders, ethnic state kings/chiefs, and as we approach

10as mandated by the 1999 constitution
11(Nunn and Wantchekon, 2011) confirm a significant correlation (about .55) between location of respondents to the

Afrobarometer in 2005 and ethnic group location as identified in the Murdock map in the Africa wide sample
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the period from 1885-1999, ’traditional leaders’ and ’Native Authorities’. The federal regime is

the British colonial regime during the first, 1885-1960, period, and is the military government

during the second, 1966-1999, period (Elaigwu, 2002).

2.2 Ethnic State Leaders, British Colonial Autocrats and Public Service Provision

An extensive literature has explored the impacts of British and French colonialism, in particular,

on modern development outcomes in Africa through the relationship between colonizers and lo-

cal elites (Acemoglu, Johnson, and Robinson, 2001a; Banerjee and Iyer, 2005; Herbst, 2014; Mam-

dani, 1996; Nunn, 2007). Following the literature and historiography, the relationship between

the ethnic state leaders and federal autocratic regimes can be conceptualized as two distinct but

related sequential move games corresponding to two distinct but related historical periods- the

colonial era and postcolonial era 12. The first period marks a game between the British colonial

autocrats and ”a continuum” of local elites in the form of ethnic state leaders spanning years

1885-1960. Before the advent of the British colonizers in 1885, in the precolonial era, the ethnic

state leader could be from two broad types of states, namely the precolonial centralized ethnic

state or the precolonial non-centralized ethnic state (Falola and Ogundiran, 2005; Gennaioli and

Rainer, 2007; Michalopoulos and Papaioannou, 2013; Murdock, 1967). Precolonial centralized

states were distinguished from precolonial non-centralized states by the identification of a state

sovereign in the former but not the latter (Falola and Ogundiran, 2005; Gennaioli and Rainer,

2007; Murdock, 1967).

If the ethnic state leader was precolonial centralized, the British colonial was able to bargain

with the leader under indirect rule with the ethnic state leader becoming an official representa-

tive of ’local government’ known as a ’Native Authority’ (Mamdani, 1996)13. The British colonial

autocrat would move first by setting a fiscal policy instrument which was a fiscal transfer or a

”rate of extraction” that defined the proportion of the initial wealth of the ethnic state (measured

12There is some debate about the distinctness of these two categories among historians (Falola and Ogundiran, 2005;
Mamdani, 1996), but for simplicity, they are referenced as two separate but related periods here

13Costs of expropriation through direct force were high enough that bargaining with local leaders through the
indirect rule system was often a dominant strategy for British colonial autocrats. Note, the ’bargaining’ was also often
accompanied by the threat of violence to non-cooperative local authorities (Mamdani, 1996; Frankema, 2011).
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in amounts of agricultural commodities produced- most notably cash crops like cocoa, ground-

nuts and palm kernel) that was expropriated by the British colonial regime (Gardner, 2012; Nunn,

2007; Salami, 2011; Frankema, 2011). The precolonial centralized ethnic state leader could then

choose to cooperate and relinquish the fiscal transfer, or not cooperate with the British colonial

autocrat. When the precolonial centralized ethnic state leaders were cooperative with British

colonial autocrats, they were rewarded with some proportion of federal benefits (e.g. in terms

of public service provision like railroad construction (Gardner, 2012) and increased political au-

tonomy in their region (Ogbomo, 2005; Otoide, 2005)). When the precolonial centralized ethnic

state leaders were not cooperative with the British colonial autocrats, they were punished by

a withdrawal of these benefits (e.g. forfeited autonomy through bloody depositions and exiles

(Ogbomo, 2005; Otoide, 2005)). The ethnic state leader’s precolonial centralized status allowed

the British autocrats to monitor and target punishment in a so-called punishment regime. Over

the long-run, cooperation with the British colonial regime was the equilibrium outcome, on av-

erage, since costs of non-cooperation often outweighed any expected benefits of non-cooperation

(Ogbomo, 2005; Otoide, 2005; Falola and Ogundiran, 2005; Gardner, 2012).

2.3 Ethnic State Leaders, Military Postcolonial Autocrats and Public Service Provision

Another strand of literature has examined the relationship between ethnic competition, govern-

ment structure and public service provision, particularly in African states (Alesina, Baqir, and

Easterly, 1999; Bardhan and Mookherjee, 2006; Easterly and Levine, 1997; Esteban and Ray, 2008).

The second period in the historiography, marks the beginning of the game between military post-

colonial autocrats and ethnic state leaders spanning years 1966-1999 14. Differential British policy

between the precolonial centralized areas of the Muslim North versus the South of Nigeria led

to strengthening of sovereignty among precolonial centralized ethnic state leaders in the Mus-

lim North of the country, a process termed pre-independence centralization here (Berger, 2009;

Mustapha, 2006; Tonwe and Osemwota, 2013). It led to the weakening of sovereignty among

14There is a very brief democratic period between 1960-1966, followed by a civil war and another very brief period of
elections between 1979-1983, but the subsequent 30 years post colonial rule were characterized by autocratic military
rule
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precolonial centralized ethnic state leaders in the South of the country, a process termed pre-

independence non-centralization here. Precolonial centralized ethnic state leaders in the South

(including the non ’super-muslim’ north) were eventually replaced by mostly democratically

elected local officials, marking a gradual to near complete loss of sovereignty in their regions by

the beginning of the military era with the reverse process occurring in the Muslim North as a

result of differential British policy towards both regions (Dudley, 2013; Mamdani, 1996; Tonwe

and Osemwota, 2013)15.

The eviction of the British in 1960 post discovery of oil in 1956 preceded a brief democratic

period between 1960-1966, followed by military rule for almost all of the next three decades

and a civil war from 1967-1970 partly over the control of oil resources in the country that high-

lighted tensions between federal and subnational governing authorities16. Following an oil boom

and huge windfalls for the military regime in the 1970s that shifted the composition of federal

revenue to over 80% from oil, the military regime sought to resolve this tension in their favor

by setting a legal policy instrument, in the form of the 1976 Local Government Reform Law,

that authorized the legal transfer of political autonomy from ethnic state leaders to the federal

military government. The 1976 law removed ethnic state leaders from their posts as official rep-

resentatives of local government, and banned them from participation in democratically elected

local governments propped up by the military party system. It relegated them to advisory roles

only. It also allowed for an official grant for the new local government leaders as a proportion of

mostly oil fueled federal revenue (Blench et al., 2006; Hickey, 1984; Mustapha, 2006; Tonwe and

Osemwota, 2013).

Under the legal policy regime, the pre-independence centralized ethnic state leader (who

was also precolonial centralized), could choose to ”cooperate” and step down from their official

post without inciting rebellion among their constituents or ”not Cooperate” and refuse to step

15see Appendix for details
16The case of a mostly Igbo led secession in the state of Biafra is well studied in the literature and beyond the scope

of this paper. It is interesting to note that the Igbo as members of a precolonial centralized but pre-independence
non-centralized ethnic state present an interesting case of where punishment fails even in the presence of short-term
rebellion from a pre-independence non-centralized state, given the inability of autocratic regimes to reliably monitor
and target punishment in non-centralized states.
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down, typified by refusal to abstain from local governance politics, withholding tax revenue

and, notably from the historiography, inciting rebellion among their constituents. The slew

of uprisings afterwards peaking in the 1980s with the Maitatsine riots were a prime example

of these rebellions stemming from federal-local tensions in many of these areas including the

present day states of Kano, Borno and Kaduna17(Hickey, 1984; Tonwe and Osemwota, 2013).

If the pre-independence centralized (and also precolonial centralized) ethnic state leader chose

to cooperate, their expected payoff was the public service provision issued from the military

autocrat minus the political autonomy given up, along with the proportion of initial wealth

and government revenue given up by the ethnic state leader with the relinquishing of their

position as an official local government representative. If the pre-independence centralized (and

also precolonial centralized) leader chose non-cooperation, then they received an expected payoff

equivalent to the withheld political transfer and initial wealth minus the withheld public services

(or plus the punishment) from the federal military regime. Again, the ethnic state leader’s pre-

independence centralized status allowed the military autocrats to monitor and target punishment

as before. As shown in the historiography and revealed in the results, non-cooperation with the

military postcolonial autocrats was the equilibrium outcome and the dominant strategy of pre-

independence centralized (and precolonial centralized) ethnic state leaders and punishment in

the form of underinvestment in public services was particularly pronounced in areas with little

cleavage (by ethnic/state origin) to the military government (Blench et al., 2006; Hickey, 1984;

Mustapha, 2006; Osaghae, 2006; Tonwe and Osemwota, 2013).

In summary, precolonial centralized and pre-independence non-centralized ethnic state

leaders chose cooperation with federal autocratic regimes in both periods, explaining the positive

relationship with federally administrated public services that precolonial centralization has in

some regions today. In contrast, precolonial centralized and pre-independence centralized ethnic

state leaders chose first cooperation, then non-cooperation with the federal autocratic regime,

incurring a punishment in the second period and explaining the negative relationship with the

high federal state control services viewed in the empirical results. This mechanism explains the

17see Appendix for details
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heterogeneity in the effects of precolonial centralization shown in the empirical results. A simple

model is presented in the Appendix.

3 Data Construction and Empirical Framework

3.1 Data on Precolonial Centralization and Pre-independence Centralization/Non-cooperation

The data on precolonial ethnic state centralization used here comes from George Murdock’s

(1967) Ethnographic Atlas showing the spatial distribution of ethnicities across Africa around

the mid/late 19th century (Michalopoulos, 2012). Murdock’s map includes 843 ethnic areas,

117 of which are contained within the boundaries of present day Nigeria. There is a significant

correlation (about .78) between location of Nigerian respondents to the Afrobarometer in 2012

and 2008 and ethnic group location as identified in the Murdock map 18. 1415 new LGA-Ethnic

state partitions are created by intersecting the location of Nigeria’s 774 LGAs with Murdock’s

ethnic state partitions. Murdock’s atlas includes 60 variables capturing cultural, geographical

and economic traits of 1270 ethnicities around the world. Following (Michalopoulos, 2012) and

(Gennaioli and Rainer, 2007), precolonial political institutions are proxied using Murdock’s (1967)

”Jurisdictional Hierarchy Beyond the Local Community Level”, with what he terms an index of

”political complexity” (the precolonial centralization index) which assigns a score between 0 to 4

to each ethnic state unit and describes the number of political jurisdictional hierarchies above the

local level for each unit. The score is defined as follows: 0: so-called stateless societies, ”lacking

any form of political organization”, 1 and 2: petty and larger paramount chiefdoms, 3 and 4:

large, more organized states as shown in Figure 2c.

Precolonial centralization data is available for 61 of the 117 ethnic states within Nigeria,

or 945 LGA-Ethnic state units in the country and the maximum precolonial centralization score

within Nigeria is a 3, represented by large states like the Yoruba and the Edo. (Michalopoulos,

2012) has provided a cross-validation of Murdock’s precolonial centralization index in Africa

through a reading of African history and this is confirmed here through a survey of the Nige-

18(Nunn and Wantchekon, 2011) confirm a significant correlation (about .55) between location of respondents to the
Afrobarometer in 2005 and ethnic group location as identified in the Murdock map in the Africa wide sample
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rian historiography on levels of political complexity among precolonial ethnic states (Falola and

Heaton, 2008; Falola and Ogundiran, 2005) 19 The main measure of precolonial centralization

used here is an indicator that assigns a score of 0 to ’0’ coded societies (specified as precolonial

non-centralized) in the Murdock specification and 1 (specified as precolonial centralized) to any

ethnic states with scores above 0 and captures any degree of centralization in the sample 20.

For the measure of pre-independence centralization and hence non-cooperation as outlined

in Section 2, following the historiography, the percentage of the muslim population in each ad-

ministrative state as of 1952 (Ostien, 2012) is used to create a supermajority muslim indicator

where states are assigned a score of 1 (and pre-independence centralized) if they have a pop-

ulation of greater than 70% in the upper quartile of the percentage muslim distribution and 0

(and pre-independence non-centralized) otherwise21 . In alternate specifications, an indicator for

’no military president’ is included as a measure for ’non-favored’ status. The indicator assigns

1 (’non-favored’) to the area if no military president originated from the state between the 1976-

1999 period of the punishment regime (shown in Figure 3b). Figure 3a shows the distribution of

the identified supermajority muslim/pre-independence centralized areas.

3.2 Dependent Variables: Measures of Infrastructure Access, Public Health and Trust

In an effort spearheaded by the Nigerian government, researchers from the Nigeria’s Office of

the Senior Special Assistant to the President on MDGs (OSSAP ) in collaboration with the Sus-

tainable Engineering Lab at Columbia University conducted extensive, comprehensive surveys

19For example, the Yoruba and Edo, who score a 3 on Murdock’s index are consistently identified as large, cen-
tralized groups in the late 19th century period. The Igbo, who score a 1 on the Murdock indicator with low levels
of centralization are identified as having sub-states with more centralized systems, like the trading states of the Aro
oligarchy in the 17th-18th centuries (Falola and Ogundiran, 2005).

20The results are robust to alternate specifications of the centralization index, using the binary variable or the full
index from (Murdock, 1967). This specification of the indicator is in contrast with the one used in some of the
previous literature as it seems to more appropriately captures the importance of having any identifiable sovereign for
the purpose of the indirect rule cooperation/non-cooperation relationships described in Section 2.2

21The choice of a 70% cutoff is not arbitrary. First, in the multilevel model shown in the robustness checks, when the
coefficient on centralization is allowed to vary by administrative state, a notable portion of states where the coefficient
turns negative are states resting in the greater than 70% muslim cutoff, though the results from the model are inter-
preted with caution due to low power. Second, states in the upper quartile of the percentage muslim distribution are
most likely to fit the description of the pre-independence centralized states through the process described in Sections
2.2 and 2.3 and this is confirmed in the historiographic literature (see Appendix for more details)
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of schools and health facilities at LGAs, attaining responses to questions concerning power, wa-

ter and sanitation access, among other indicators over a 1 year period closing in 2012 (OSSAP,

2012). The surveys were collected from principals at 68,627 schools and over 30,000 health facili-

ties across 764 of 774 LGAs in Nigeria 22. Over 81% of the schools were public primary schools.

The results remain largely unchanged when only the public primary school sample is used. The

dataset used here is an improvement on the previous survey datasets used in the literature (e.g.

Demographic and Health Surveys (DHS)) for two reasons. First and important for the results

presented here, a significant portion of the public primary schools and accompanying infras-

tructure in this dataset were established around the 1970s in Nigeria with the increase in public

spending by the military government during that period particularly as a direct consequence of

the 1976 Universal Primary Education (UPE) scheme to expand primary education enrollment

in the country23(Csapo, 1983). Second, for certain public infrastructure24, DHS does not provide

information on access or availability which this dataset improves on by providing more detail.

The construction of the infrastructure access metrics was as follows. For power access,

respondents were asked True/False questions about both availability and functionality. An ag-

gregate power score of 0 or 1 was assigned to a school depending on if the respondent answered

False or True, to the question of whether the respondent had access to functional power from

the national grid, functional power from a generator or functional power from a solar system

25. Similarly, an aggregate sanitation score of 0 or 1 was assigned to a school depending on if

the respondent answered False or True to the question of whether the respondent had access to

improved sanitation in the form of a functional flush or improved pour flush toilet, or access to

a functional improved ventilated latrine or access to a functional pit latrine with a slab. If the

respondent responded True to any one of these improved sanitation options, they were assigned

a sanitation score of 1, if they responded False to all of the aforementioned options, then they

22with the last 10 LGAs dropped due to unreliable data
23Random sampling of public primary schools across LGAs in in Lagos state appears to support this as well:

http://lagosschoolsonline.com/index.php
24For example, some data on immunization availability and electricity access (functional availability) by grid and

off-grid breakdown
25Power from a generator or solar system are referred to as ’offgrid’ here
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were assigned a sanitation score of 0. Lastly, for water access, which was potable water access,

we assigned an aggregate potable water access score of 0 or 1 to a school depending on if the

respondent answered False or True to the question of whether they had access to potable water

in the form of functional piped water or functional borehole or tube well water.

Lastly, for each intersected LGA-Ethnic state area, the proportions of schools with indi-

vidual Grid, Flush, overall Power, overall Water etc scores of 1 were calculated and used as the

metric of overall Grid, Flush etc access. Summary statistics for all variables are listed in Tables 1

and 2. Note, that ’access’ refers to available functionality though strong correlations with LGA-

Ethnic mean night light density data as shown in Table 3 suggest that these metrics are a good

indication of overall access for the country26. Night light density per LGA-Ethnic area is included

as a dependent variable and a check in alternate specifications. Available data on child health

immunizations and health professional density were similarly calculated for each LGA-Ethnic

area.

Also constructed here is a new measure of trust in federal institutions over traditional or

ethnic state leaders or ’trust in police over traditional leaders’ based on the 2012 Afrobarometer

survey (Afrobarometer, 2012) 27 for Nigeria where respondents were asked to respond to the

question ’If you were a victim of crime in this country, who if anyone, would you go to first for

assistance?’28 The measure is a difference between the proportion of respondents who say they

would go to police and the proportion of respondents who say they would go to their traditional

leaders, two of the top answers in the survey.

3.3 Estimating Equations

To test the main hypothesis of the negative effect of precolonial centralization on access to

federally administrated high federal state control goods in pre-independence centralized (non-

26An additional contrast with previous literature is the use of a novel survey dataset that aggregates point data
at the LGA-Ethnic area level to measure outcomes for public service provision. Doing this enables the paper to
overcome some of the criticisms of the night lights density data approach taken by previous authors (Michalopoulos
and Papaioannou, 2013) regarding the estimates not properly accounting for population effects and the luminosity
data being dominated by noise in less densely populated areas (Cogneau and Dupraz, 2014)

27Round 5
28Q12
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cooperative) states, the main OLS estimating equation is presented in Equation 1 below.

Yl,e = α0 + α1Cente + α2S.Muslime + βCentexS.Muslime + X′l,eγ + εl,e (1)

The dependent variable is the survey-based measure of infrastructure access or nation-

ally led health access outcomes in 2012 in LGA l in ethnic state e from the survey data as de-

scribed in Section 3.2. Cente is the precolonial centralization indicator and S.Muslime is the

pre-independence centralization (and non-cooperation) measure, the supermajority muslim in-

dicator described in Section 3.1. X is an extensive vector of controls including population density

29, geographical controls like distance to the capital, mean elevation in km, distance to the near-

est major river30, land suitability for agriculture 31, ruggedness 32 indicators for the prevalence

of slavery 33 and petrol35 following the research on the longterm impacts of the slave trade on

modern development outcomes (Nunn, 2007) and to control for the presence of the country’s

resource wealth on public service provision and disease controls like malaria using climatic suit-

ability for malaria transmission from (Adjuik et al., 1998) to address the various hypotheses in

the literature on the negative impacts on malaria on African development outcomes (Gallup and

Sachs, 2001). Robust errors clustered by state are used in the main results. In alternate specifica-

tions, satellite night-lights density data is included as a dependent variable. In pre-specifications,

the uninteracted version of Equation 1 is estimated 36.

29Population density in 2006 (and earlier in 1990 for available LGAs in alternate specifications with results
unchanged)- by LGA from the Nigerian National Bureau of Statistics: Since public infrastructure provision plan-
ning decisions are often made taking maximum coverage by population into consideration. Population density is
indeed significant in most specifications and is controlled for in all specifications

30distance from polygon centroids to the nearest major river. Note distance to sea coast is not included here due to
collinearity with the petrol indicator.

31Ecological feature to test that centralization of groups was driven by their location in more favorable areas for
crops and pasture. Data from the FAO.

32Following (Fenske, 2014) and (Nunn and Puga, 2012) control for ruggedness of the terrain which was related to
the cost of capturing slaves using data sourced from (Fenske, 2014)

33An indicator for the prevalence of slavery, based on the V70 variable from the Murdock (1967) Ethnographic
atlas, following (Michalopoulos, 2012) specification. In alternate specifications, (Nunn and Wantchekon, 2011)’s total
number of exported slaves in the trans Atlantic and Indian ocean slave trades from 1400-1900 is used and the main
results remain unchanged34. The indicator is used here consistent with previous work by (Gennaioli and Rainer, 2007)

35based on data from ’The Petroleum Dataset’ (PRIO, 2014).
36results presented in Table 5
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To test the hypothesis that punishment is worse in non-favored areas (i.e. the coefficient

becomes more negative for non-favored areas), Equation 2 is estimated with a ’no military presi-

dent’ (denoted as NoMil) interaction as follows:

Yl,e = α0 + α1Cente + α2S.Muslime + α3NoMile + β1CentexS.Muslime + β2CentexNoMile +X′l,eγ+ εl,e

(2)

Finally, to test the hypothesis on trust in police over traditional leaders being lower in

pre-independence centralized (non-cooperative, measured by the supermajority muslim indica-

tor) and precolonial centralized states subjected to the punishment regime, since most of the

respondents were from precolonial centralized state areas (95% of the Afrobarometer sample), I

analyze the split sample within centralized states and examine the responses of supermajority

to non-supermajority muslim state respondents using first a chi-square test and then an OLS

specification. Inference here are correlations, and given the small sample, the results should be

interpreted with caution. The OLS model is specified as follows:

Yl,e = α0 + α1S.Muslime|(Cente = 1) + X′l,eγ + εl,e (3)

3.4 Instrumental Variables (IV) and Ecological Diversity Index

Omitted variable bias and potential endogeneity of the precolonial centralization variable may

be concerns. To address these concerns, I adapt a Herfindahl/ecological diversity index from

(Fenske, 2014) as an instrument for precolonial centralization37. The index accounts for the prob-

ability that two or more different ecological zones are contained within a particular ethnic state

area38. The use of the instrument follows from (Fenske, 2014) and (Bates, 1983) that states on

ecological boundaries were able to benefit from gains from trade which then fueled higher lev-

37Note, unlike the other outcomes the exclusion restriction is unlikely to hold in the health immunization case since
studies have documented an inverse relationship between disease risk and ecological (particularly species) diversity
and it appears there is higher availability of immunization in areas that are less ecologically diverse and presumably
have higher disease risk (Keesing, Holt, and Ostfeld, 2006) For other relevant dependent variables, the instrument
remains valid and results from those specifications are presented here

38The ecological diversity index is a Herfindahl index that calculates the share se
g of each ethnic state e’s area that

is occupied by each major ecological type g (with 7 of the 18 total in Africa found in Nigeria) and is constructed as
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els of precolonial centralization. This study exploits this correlation within the Nigeria region,

made up of seven different vegetation zones or major vegetation types (from White’s 1983 histor-

ically reconstructed map (White, 1983)) including forest, woodland, bushland and thicket, azonal

vegetation and anthropic landscapes39 as shown in Figure 4b 40. The ecological diversity index

instrument is strongly positively correlated with precolonial centralization with mean ecological

diversity higher in centralized areas (.28 vs .15, p < .001).

Following (Cameron and Miller, 2010), I address spatial autocorrelation and group-based

correlations by clustering robust standard errors by state 41. Results with clustered errors are

presented in this paper. A test of the split sample to verify the confidence intervals for the nega-

tive coefficient on the interaction terms confirms that findings of a negative effect of precolonial

centralization on the public service outcome variables in the pre-independence centralized/non-

cooperative/supermajority muslim subsample. Effects are significant and negative at the 90%

confidence interval.42

4 Results

4.1 Precolonial Centralization, Cooperation, Punishment and Public Services

The results of Equation 1 show that the effect of precolonial centralization on access to high

federal state control services is negative for pre-independence centralized (non-cooperative states

as measured by the supermajority muslim indicator) states. Results of Equation 2 show that

this effect is even more negative for precolonial centralized, non-cooperating ethnic states not

favored by the military. Table 4 gives OLS results for high federal state control goods, grid

follows:

Ecological Diversitye = 1−
7

∑
g=1

(se
g)

2 (4)

39The full list of major types include forest, forest transitions and mosaics, woodland, woodland mosaics and
transitions, bushland and thicket, azonal vegetation and anthropic landscapes. There are 15 sub-classified minor
types including swamp forest, lowland rain forest, mangrove and the Jos Plateau mosaic

40See (Fenske, 2014) for further discussion
41Alternate specifications of a spatial error model with different spatial weight matrices and Conley standard errors

were also tested with largely unchanged results (Conley and Molinari, 2007)
42To account for concerns about normally distributed residuals, skew in the power access variables is corrected with

box-cox, yeo-johnson transformed versions of the variables with the results remaining unchanged.
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based electricity and flush toilet access, where non-cooperation typified in the supermajority

muslim interaction reduces access to the grid by a statistically significant, -.01 or 1% (shown in

column (2)) and access to flush toilets by a significant positive -.02 points or 2%. When the effect

of being a ’non-favored by the military’ state, in the form of no military president originating

from your state, is accounted for, the effect of precolonial centralization on grid access and flush

toilet access becomes even more negative, reducing grid access by about -.04 or 4% and flush

toilet access by -.03 or 3%. Robustness checks in the split sample indicate that the coefficients

are significantly negative at the 90% confidence level in the sample.The results are significant

particularly given the fact that mean access to grid based electricity and flush toilets is only 13%

and 12% respectively in the public schools based survey sample.

This significant negative effect of centralization on public service provision supports the

historiography documenting the existence of a punishment regime enacted by the military gov-

ernment during the 1976-1999 period of military rule as discussed in Section 2. The result also

contradicts previous notions of precolonial ethnic state centralization always having a positive

effect on public service provision. When precolonial centralization is allowed to interact with

pre-independence centralization in the colonial and postcolonial eras, the relationship between

precolonial centralization and modern development outcomes in the form of public service pro-

vision is not always positive. As expected, results for the interaction are largely insignificant

for low and medium state control services suggesting that punishment operated through the

distribution of goods and services whose allocation federal autocrats could monitor and tightly

control (Magaloni, 2006).

Being a precolonial centralized, pre-independence non-centralized (cooperative, non-supermajority

muslim) state on the other hand is strongly associated with a 7% - 14% increase in access to grid

based electricity and a 3% to almost 8% increase in access to flush toilets depending on favored

status as shown in Table 4.

Results from the uninteracted, misspecified, model are shown in Table 5 where, in line

with the previous literature, precolonial ethnic state centralization increases access to federally
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administrated public services 43. In robustness checks on the results from the OLS model in

Equation 1, a multilevel, random slopes specification is employed, allowing the coefficient on

precolonial centralization to vary spatially by administrative states s as follows:

Yl,e = α0 +
37

∑
s=1

α1sCente + X′l,eγ + εl,e (5)

The spatially varying coefficient model also allows precise identification of which administrative

state where the coefficient turns negative or where the punishment regime appears to have had

the most effect on access to high federal state control goods 44.

4.2 IV and Threats to Validity

One concern regarding the OLS results is that the precolonial centralization and pre-independence

centralization (supermajority muslim indicator) measures are capturing some latent effect on

public services through a variable unobserved in the model. One way to remedy this is through

the use of an instrument satisfying validity and relevance requirements, in a 2SLS equation.

The IV results qualitatively support the OLS results with Table 7 showing the first stage results

and providing support for the strength of ecological diversity as an instrument for precolonial

43Results from this paper show that precolonial centralization is significantly associated with a 4% increase in
grid-based power access in the uninteracted model, an about 56% increase in health professional density, and a 7 %
and 5% increase in yellow fever immunization and meningitis immunization respectively. For locally administrated,
low federal state control goods there is no effect at all of centralization on access to these services, including pit
latrine and water access as depicted in Table 6. Given that the mechanism through which centralization affects public
services is, as posited in this paper, cooperation and reward relationships between centralized ethnic state leaders
and federal governments, the 0 effect size for local government administrated goods is not surprising, since one
interpretation is that the actors (the elected LGA officials) have no involvement in the cooperative relationship with the
federal government described previously. In fact the lack of bilateral bargaining, and lack of the implicit monitoring
that typifies the centralized ethnic state and federal government relationship creates opportunities for corruption
where functional local services are not provided are the LGA level (more on this in the Appendix). Note, while
(Michalopoulos and Papaioannou, 2013) and (Gennaioli and Rainer, 2007) do not distinguish between the effects on
federally administrated or locally administrated public services, this result is in contrast with (Bandyopadhyay and
Green, 2012) whose study does not find a relationship between centralization and ’public goods’ in their Uganda
sample.

44The negative coefficient in supermajority states can be confirmed visually and is mapped in Figure 11 in the
Appendix. Interpret coefficients with caution due to low power from small within state sample sizes for some admin-
istrative states. Grid access and flush toilet access here, as specified previously
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centralization (Fenske, 2014).45 Second stage IV results are shown in Table 846 and and again re-

inforce the OLS results on cooperation and punishment as described in Section 4. The difference

in magnitude between the OLS and IV second stage coefficients suggest cautious interpretation

of the effect sizes in the IV specification. The difference in magnitude of the IV estimates could

suggest measurement error in the precolonial centralization indicator, where the precolonial cen-

tralization indicator is an imperfect proxy for political complexity.47

Instrument exogeneity is satisfied for the grid based electricity and flush toilet dependent

variables though the exclusion restriction might fail in the case of the health and immunization

variables since studies have documented an inverse relationship between disease risk and ecolog-

ical (particularly species) diversity and it appears there is higher availability of immunization in

areas that are less ecologically diverse and presumably have higher disease risk (Keesing, Holt,

and Ostfeld, 2006). In contrast, there is no clear direct relationship between access to grid based

electricity48 or flush toilets access and ecological diversity, so the exclusion restriction and instru-

ment exogeneity appears satisfied for those variables. Results for both variables are presented in

Table 8. In robustness checks, the ecological diversity index appears to have stronger predictive

power for precolonial centralization in the Southern geopolitical zone versus the Northern geopo-

litical zone in the country, weakening the predictive power of the index in the interacted model

49. Multiple instruments as a solution to this, including both zonal fixed effects and a zonal inter-

action with ecological diversity as instruments runs into issues concerning instrument exogeneity

in the interacted model due to high collinearities between the pre-independence centralization,

supermajority muslim indicator and the zonal dummies. The relatively high F statistic in the

uninteracted model, the uninteracted model including zonal fixed effects and the zonal interac-

45The index performs well in the uninteracted model and slightly weaker (F < 10) in one specification of the full
model interaction case (column (3) in Table 7), though it passes in alternate specifications of the interacted model
(columns (4) and (5) in Table 7)

46IV results for other variables in Table ?? in the Appendix
47In alternate specifications of the full interacted model, ecological diversity performs adequately as a valid instru-

ment as shown in columns (4) and (5) in Table 7 and efficiency gains in model fitting as measured by the adjusted
R2 are minuscule between models (3), (4) and (5) as shown in Table 7. An alternate potential instrument, Alsan’s
Tse Tse Fly Suitability Index (TSI) (Alsan, 2015), fails to predict precolonial centralization in the within Nigeria case,
potentially due to lack of variation in the within Nigeria case.

48Grid based electricity is primarily gas sourced in Nigeria.
49see Figure 10 in the Appendix
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tion as additional instruments and alternate specifications of the interacted model lends support

to ecological diversity index as a predictor of precolonial centralization as discussed in (Fenske,

2014). Due to the upward bias in magnitude in the second stage IV results, the main results from

the OLS specifications are interpreted in this paper.

4.3 Cooperation, Punishment and Trust in Nigeria

To illustrate the long-term effects of a punishment regime on social capital between the federal

government and groups from punished areas50, a simple Chi-square test on proportions shows

that in the sample of precolonial centralized ethnic states, respondents to the 2012 Afrobarometer

question of ”Who would you go to first for help if you were the victim of a crime?” from pre-

colonial centralized pre-independence centralized (supermajority muslim) states are less likely

to go to police (a federal institution) over their traditional leaders (58%) versus respondents from

precolonial centralized, pre-independence non-centralized (non-supermajority muslim) states

(73%)51 (p < .1). Results from the OLS specification are shown in Table 9. Given the small

number of independent samples in the split sample approach, significance of the supermajority

muslim indicator in the precolonial centralized state sample is unstable, though the coefficient

is negative (sometimes significantly negative) with membership in precolonial centralized, pre-

independence centralized (supermajority muslim) states seeming to reduce the ”likelihood” of

going to the police over traditional leaders by a magnitude of about -.17 to -.24 in all specifica-

tions. This relatively lower trust in federal institutions like police over traditional leaders in pun-

ished areas (precolonial centralized and pre-independence centralized/supermajority muslim)

versus non punished areas (precolonial centralized and pre-independence non-centralized/non

supermajority muslim) might suggest evidence of the persistent impacts of the punishment

regime on social capital between punished areas and the federal government, though given the

small sample size in the split sample approach, the results are significant correlations and the

effect sizes should be interpreted with caution here 52.

50Contributing to the literature on the determinants of social capital among groups in Africa including Nunn and
Wantchekon’s work on the impact of the slave trade on trust (Nunn and Wantchekon, 2011).

51as shown in Figure 12 in the Appendix
52Additional evidence from the Nigerian historiography is provided in the Appendix
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5 Evaluation of Alternative Hypotheses

Given the sparseness of comprehensive micro-level data on military public spending and in-

vestment pre and post the 1976 legal policy reform in Nigeria, in order to make the case for a

cooperation/reward, non-cooperation/punishment mechanism through which precolonial cen-

tralization affects current development outcomes in the country, four connections have been

made here. First, the empirical results showing a nonlinear relationship between precolonial

centralization and current public infrastructure service provision outcomes using the superma-

jority muslim indicator here match the extensive historiography on heterogenous relationships

between precolonial ethnic states in the largely Muslim North and the South of the country. It

is difficult to confirm reasons other than within the framework presented here for why these

areas would have such different outcomes than their non-Muslim north precolonial centralized

counterparts, particularly given the extensive set of controls used here. Second the conceptual

framework and simple model of expropriation through fiscal and legal policy as related to the

risk of non-cooperation or rebellion match accounts of the timing of outbreaks of riots in the

historiographic literature as well53. Third, the evidence showing that military president state

origin when combined with membership in a pre-independence centralized or supermajority

state, modulates the effect of precolonial centralization on access to federally controlled, but not

locally administrated, public services is in line with much of the ethnic favoritism literature and

highlights punishment as the flip side of favoritism. Fourth, the evidence on lower trust in fed-

eral institutions over local ones in the identified punished areas is also suggestive of a longterm

nonpositive relationship between individuals in these areas and the federal regime, particularly

given the evidence of non significant migration of groups in the country mentioned in the previ-

ous sections. The subsection below addresses other alternative hypotheses54.

53Figure 8 in the Appendix presents a simple frequency distribution timeline of riots mentions in written literature
as well that corroborate the historiographical accounts and framework described here

54Partially following the account presented in (Gennaioli and Rainer, 2007)
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5.1 Alternative Hypotheses: Differing Socioeconomic and Environmental Conditions, Cul-

ture and Politics

Other hypotheses that might explain the nonlinear relationship between precolonial centraliza-

tion and access to federally controlled public infrastructure services might relate to existing dif-

ferences in socioeconomic and environmental conditions between these areas and the rest of the

country so that some areas are able to attain better or worse access than others by virtue of

these differences. Included among some relevant socioeconomic and environmental factors are

differences in urbanization and population density, ease of transportation, prevalence of slavery,

elevation and ruggedness of the terrain, malaria suitability, distance from the capital (Gennaioli

and Rainer, 2007). The empirical specifications include extensive controls for population density

and urbanization with the results robust to these controls. Addressing concerns of differences in

transportation costs leading to different political institutions by for instance creating areas more

favorable to trade in areas with better access to inland waterways, all regressions include controls

for distance to nearest major rivers in the country. A related concern regarding transportation

and whether more or less elevated or rugged terrain is conducive to better access to these public

infrastructure is also addressed by adding controls for elevation and ruggedness in all specifi-

cations. Controls for malaria suitability also address concerns that areas in the country with a

higher malaria, disease burden will have lower development outcomes including poorer access to

these public services (Gallup and Sachs, 2001). Whether distance to the capital, with areas closer

to the capital city benefit from spillovers from greater investment at the capital is tested with a

control for distance to the capital included in all specifications as well. A resource abundance

argument for differential access to public services is tested by including controls for Nigeria’s

most significant natural resource accounting for some 80% of government revenue, petroleum

and for land suitability for agriculture as well. Finally, given the extensive literature on the im-

pact of slavery and the slave trade on current development outcomes (Nunn, 2007; Nunn and

Wantchekon, 2011), controls for both slave prevalence in the precolonial era using Murdock’s

variable and the total number of slave exports between 1400-1900 in the trans Atlantic and In-
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dian Ocean slave trades are included in the empirical specifications as well. Table 4 shows the

results including all these controls, with coefficients robust to the inclusion of controls.

Another set of hypotheses that might explain the nonlinear relationship between precolo-

nial centralization and access to federally controlled public infrastructure services regards the

mechanism proposed in this paper. Other mechanism exploring political and cultural factors

might explain the heterogeneity in outcomes identified here. For political factors, (Gennaioli

and Rainer, 2007) suggest that precolonial centralization ’improved public goods provision by

increasing accountability of local chiefs’. The results presented here show that precolonial cen-

tralization did not always improve public goods provision. Also, under the local accountability

hypothesis, it is not clear why precolonial centralization would have no effect on locally admin-

istrated services like access to offgrid electricity and certain sanitation and water infrastructure55

identified here. In contrast, the non-cooperation/punishment argument presented here rests on

the ability of the autocrat to monitor and directly control allocation of public services and better

explains the results presented in this paper.

Another hypothesis questions the exact role of the British autocrats in the mechanism pre-

sented here and the paper draws on an extensive historiography on indirect rule and the dif-

ferential relationships within states produced from it to make the case for the mechanism along

with accounts on patterns of taxation from the colonial Blue Books as well (Gardner, 2012). On

the subject of the exact role of the British autocrats and taxation, (Berger, 2009) suggests that ’dif-

ferent colonial tax institutions within Nigeria implemented by the British for reasons exogenous

to local conditions led to different present day quality of governance’ which might explain the

nonlinear relationship presented here. While this paper rests on the hypothesis of differential

institutions established by the British in the North vs South of the country, Berger’s hypothesis

does not explain the heterogenous relationship between precolonial centralization and access to

public infrastructure services north of his identified 7◦10’ line. The hypothesis of some cultural

particularity of the supermajority muslim areas driving the nonlinear results does not hold in

light of the ’dog that didn’t bark’ cases of the precolonial centralized, supermajority muslim

55For sanitation, improved pit latrines and for water, access to tube well and piped water
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areas that appear to do somewhat better than their punished counterparts (though still worse

than their non-punished precolonial centralized counterparts) due to being a ’favored’ area or

homeland of a military president.

Finally, an alternate hypothesis presents an explanation of the nonlinear results as reflecting

the longterm impacts of the Nigerian Civil War or the Biafran war from 1967-1970. A response

to this is that much of the investment in public infrastructure mentioned here is a result of

military spending post 1970, after the war56. Another response is that57 the model and framework

presented here predicts that absent the monitoring ability afforded to autocrats for centralized

states, including pre-independence centralized states58 of which the Igbo ethnic group was not

a member59, the autocrat is unable to target punishment so we don’t see the nonlinear effect of

precolonial centralization for Igbo ethnic states, the major opposition of the federal government

during the civil war.

In summary, the evidence presented citing the nonlinear effect of precolonial centralization

on access to federally controlled public services appears to most strongly support the hypothe-

sis that relationships of cooperation/reward and non-cooperation/punishment between federal

autocratic regimes and precolonial centralized ethnic state leaders drove the public service pro-

vision outcomes documented here and in the previous scholarship.

6 Concluding Remarks

The results indicate that the heterogeneity in development outcomes for precolonial centralized

ethnic states reflected in differential public service provision in much of colonized Africa can be

explained within the context of cooperation/reward and non-cooperation/punishment relation-

ships in a bilateral bargaining game between ethnic state leaders and colonial and postcolonial

federal autocratic regimes. When cooperation was the equilibrium outcome in the bilateral bar-

56An implicit assumption here is that the military autocrats have somewhat high discount rates and or short time
horizons.

57assuming away time horizons and discount rates of the military autocrats.
58Supermajority muslim states
59Though in the paper specification, they Igbos qualify as a precolonial centralized ethnic state having some identi-

fiable sovereigns in the form of ’petty chiefdoms’ per Murdock.
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gaining game between centralized precolonial ethnic state leaders and autocratic federal leaders,

then public services were provided in centralized ethnic states. When cooperation failed between

parties, then ethnic state leaders were punished through underinvestment in goods and services

whose allocation autocratic federal governments could control. This study finds evidence for a

negative relationship between precolonial centralization and public service provision as a devel-

opment outcome under certain conditions unexamined in the previous literature.

A key contribution to the literature is to show precolonial centralization as a dynamic

process with two distinct but related periods, namely precolonial centralization and subsequent

pre-independence centralization for precolonial centralized states in the colonial and postcolo-

nial eras. A further contribution of this paper is to offer a structured approach, with rigorous

application of the historiography to understanding the mechanisms underlying the persistent

effects of precolonial institutions on current development outcomes in African states. Further

research should be done on the ’reversal of fortunes’ result here- exploring why some precolo-

nial centralized ethnic states mentioned previously, including the Hausa and Bolewa precolonial

ethnic states in present day Bauchi, the Kanuri in present day Borno, the Bolewa in present day

Gombe, the Hausa and Reshe in present day Kebbi and the Hausa in present day Kaduna, have

some of the worst development outcomes today.

Further research should also be done to understand the origins and drivers of precolo-

nial centralization. One study has suggested examining the role of interstate warfare (following

Tilly’s ”war makes states, states make war” hypothesis (Tilly et al., 1985) ) in precolonial state

centralization by examining the use of plants for poisons and medicines in so-called ’biological

warfare’ (Akiwunmi and Filaba, 2012) to strengthen state sovereignty; there is potential for using

ethnobotanic records and environmental historical modeling of plant distribution to gain more

insight into the role of environmentally backed interstate warfare in precolonial state centraliza-

tion. Given the sparseness of micro-data on public investments and expenditure by the military

regime, pre and post the 1976 legal policy change, future work should focus on research to re-

construct datasets of public spending by the military to study the effects of the punishment more

directly as well.
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On the policy implications, this study also addresses the important roles of current non-

state actors like traditional leaders (former ethnic state leaders) in facilitating public service ex-

pansion in the country by capitalizing on historic social capital in formerly precolonial centralized

ethnic states reflected in attitudes like the ones presented in the 2008 Afrobarometer Nigeria sur-

vey where almost 60% of respondents felt that traditional leader influence in local government

should increase. Finally, particularly given the recent outbreaks of violence and social upheaval

in those areas 60, there might be some role for an affirmative action or broadly Rawlsian policy

aimed at improving development outcomes for areas that suffered from underinvestment under

these punishment regimes and are currently among the least advantaged areas in the country.

Though further work is needed to understand the full extent of this throughout the country, along

with a more structured theoretical framework of the mechanism of cooperation and punishment

that operated between precolonial ethnic states and federal autocratic regimes.

60the recent Boko Haram attacks being the most prominent
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Figure 1: Schematic of the administration and extent of state control of public services mentioned
in the paper reflecting policy choices made by the federal government not technological capacity
for provision of the public service at the local or federal levels
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61

Figure 2: Nigeria: the actors 1850-Present
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Figure 3: Percentage Muslim by State in 1952 (a) and States of Military President Origin from 1976-1999 Labeled in (b)
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Figure 4: Nigeria Ecological Diversity Index (disaggregated in (b) and aggregated by ethnic state level in (c) with Murdock
Ethnic States in (a)
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Table 1: Outcomes(Infrastructure and Health Access, Light and Trust) Summary Statistics (Ob-
servations are LGA-Ethnic states)

Statistic N Mean St. Dev. Min Max

Power 945 0.19 0.20 0.00 1.00
Grid 945 0.13 0.16 0.00 1.00
Offgrid 945 0.10 0.14 0.00 1.00
Sanitation 945 0.41 0.24 0.00 1.00
Flush 945 0.12 0.16 0.00 1.00
Latrine 945 0.27 0.20 0.00 1.00
Water 945 0.29 0.20 0.00 1.00
Piped Water 945 0.04 0.09 0.00 1.00
Tubewell 945 0.22 0.18 0.00 1.00

Yellow Fever Immunization 900 0.56 0.24 0.00 1.00
Meningitis Immunization 900 0.18 0.19 0.00 1.00
Health Professionals Density 900 1.99 2.54 0.00 44.79

Log Night Light Density 943 1.76 0.63 1.13 4.14
Police Over Traditional Trust 224 0.34 0.37 −0.88 1.00
Police Trust 224 0.50 0.24 0.00 1.00
Traditional Leader Trust 224 0.16 0.19 0.00 0.88

Notes: See text for more details. Power, Sanitation and Water were constructed from
responses to ’or’ questions, e.g. for Power access, ’do you have power from the grid
or an offgrid source?’ at schools. So Power is in effect a union of Grid and Offgrid
access but note since the overall Power access numeral takes only unique responses, the
estimate for Power is lower than the actual sum of Grid and Offgrid for Power displayed
in the above table. Calculations were executed in ArcGIS so Sanitation and Water access
estimates are slightly inflated since points falling on the borders of LGA-Ethnic polygons
were counted twice, the measured error is minute and inconsequential when adjusted
for in later analysis.
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Table 2: Controls Summary Statistics (Observations are LGA-Ethnic states)

Statistic N Mean St. Dev. Min Max

Centralization (bin) 945 0.89 0.32 0 1
Centralization (full) 945 1.51 0.88 0 3
Supermajority Muslim 945 0.25 0.43 0 1
No Military President 945 0.82 0.38 0 1
Population Density 945 690.19 2,352.28 6.90 41,012.70
Mean Elevation 859 286.96 251.69 −0.25 1,829.00
Distance to Capital 945 410.61 169.29 13.29 825.47
Petrol 945 0.25 0.43 0 1
Mean Agricultural Suitability 925 4.73 0.79 0.00 6.00
Slavery (Prevalence) 921 0.99 0.07 0 1
Slavery (Exports) 945 133,009 208,520 0 854,941
Malaria 945 0.99 0.03 0.72 1.00
Ruggedness 945 0.28 0.25 0.03 2.28
Distance to Rivers 945 64.47 47.12 0.18 236.24
Ecological Diversity* 945 0.26 0.24 0.00 0.66

Notes: See text for details. *Ecological diversity is used in the IV specification only. Models are tested
with the binary and full Centralization index. Results from the binary Centralization variable are re-
ported in this paper. Distance in km. Slave exports from 1400-1900 as a measure of intensity of slave
trade are used in alternate specifications with main results unchanged.

Table 3: Night Light Density and Infrastructure Access Correlations (Among aggregate infras-
tructure measures, night light density has highest correlation with Power (.6) over Sanitation (.4)
and Water (.4))

Correlations Night Lights

Night Lights 1
Power 0.594
Grid 0.616

Offgrid 0.424
Sanitation 0.431

Flush 0.689
Latrine −0.055
Water 0.397
Piped 0.329

Tubewell 0.393

Notes: Correlations with log mean night light density in 2012 from the NOAA DMSP database. Observations calculated at the LGA-Ethnic level. Pairwise
correlations for all variables except pit latrine access are significant at p < .001. Highest correlations between night light density and functional grid based power
(.62) and also between night light density and working flush toilets (.69). Overall for the aggregate infrastructure indicators, night light density has highest
correlation with functional Power (≈ .6) over Sanitation (≈ .4) and Water(≈ .4) in the country suggesting that the Power and Grid variables from school level
surveys accurately proxy mean distribution of available functional electricity for the country.
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Figure 5: Precolonal centralization has a positive effect on grid access in cooperative ethnic states:
Stochastic dominance of distribution of grid access in precolonial centralized (purple) vs. non-
centralized (blue) states
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Table 4: Negative impacts of precolonial centralization on access to high federal state control infrastructure services for non-
cooperative (pre-independence centralized/’supermajority muslim’) ethnic states and more negative impacts for non-favored
(’no military president’) under a punishment regime

Grid Flush

(1) (2) (3) (4) (5) (6)

Centralization 0.039∗ 0.071∗∗∗ 0.146∗∗∗ 0.017 0.038∗∗ 0.081∗∗∗

(0.022) (0.027) (0.041) (0.014) (0.017) (0.027)
Supermajority Muslim 0.020 0.021 −0.012 −0.020

(0.031) (0.031) (0.025) (0.026)
No Military President 0.028 0.049∗∗

(0.028) (0.020)
CentXMus −0.082∗∗ −0.112∗∗∗ −0.057∗∗ −0.063∗∗

(0.038) (0.040) (0.026) (0.025)
CentXNo Military −0.079∗∗ −0.051∗

(0.037) (0.027)
Slavery 0.030 0.007 0.011 −0.034 0.017 −0.045

(0.058) (0.061) (0.060) (0.049) (0.036) (0.051)
Petrol 0.071∗∗∗ 0.059∗∗ 0.065∗∗ 0.119∗∗∗ 0.106∗∗∗ 0.103∗∗∗

(0.027) (0.027) (0.025) (0.033) (0.032) (0.031)
Constant −0.456 −0.431 −0.409 0.158 −0.062 0.085

(0.340) (0.363) (0.337) (0.237) (0.247) (0.237)
Population Density Yes Yes Yes Yes Yes Yes
Disease control Yes Yes Yes Yes Yes Yes
Geographic controls Yes Yes Yes Yes Yes Yes
N 821 821 821 821 821 821
R2 0.151 0.168 0.179 0.316 0.338 0.343
Adjusted R2 0.140 0.156 0.165 0.307 0.329 0.332

Notes: Regressions estimated by OLS. Robust standard errors in parentheses clustered by state. Dependent variable measures Grid access in (1)
-(3) and Flush toilet access in (4)-(6). Disease control includes malaria. Geographic controls include ruggedness, mean elevation, agricultural
land suitability and distance to capital and rivers. Population density is included in all specifications in the full model. ∗∗∗Significant at the 1
percent level, ∗∗Significant at the 5 percent level, ∗Significant at the 10 percent level.
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Table 5: Positive impacts, on average, of precolonial ethnic state centralization on access to federally administrated goods

Grid Night Lights Flush Health Prof. Yellow Fever Imm. Meningitis Imm.

(1) (2) (3) (4) (5) (6)

Centralization 0.039∗ 0.087∗ 0.017 0.558∗∗∗ 0.072∗∗ 0.051∗∗

(0.022) (0.046) (0.014) (0.216) (0.029) (0.023)
Slavery 0.030 −0.032 −0.034 −0.876 −0.069 0.085∗∗

(0.058) (0.159) (0.049) (0.597) (0.089) (0.039)
Petrol 0.071∗∗∗ 0.529∗∗∗ 0.119∗∗∗ 1.351∗∗∗ −0.005 −0.039∗∗

(0.027) (0.094) (0.033) (0.299) (0.025) (0.017)
Constant −0.456 2.481∗∗∗ 0.158 14.049∗ −0.243 −0.383

(0.340) (0.935) (0.237) (7.514) (0.748) (0.402)
Population Density Yes Yes Yes Yes Yes Yes
Disease control Yes Yes Yes Yes Yes Yes
Geographic controls Yes Yes Yes Yes Yes Yes
N 821 821 821 799 799 799
R2 0.151 0.420 0.316 0.182 0.040 0.088
Adjusted R2 0.140 0.413 0.307 0.172 0.028 0.076

Notes: Regressions estimated by OLS. Robust standard errors in parentheses clustered by state. Disease control includes malaria. Geographic
controls include ruggedness, mean elevation, agricultural land suitability and distance to capital and rivers. Results remain significant in most
specifications when the full Centralization index is used. Except for (1), interaction is not significant in all models except (6), where the effect is
positive, but main effects are not significant and effect on Centralization is insignificantly different from 0. Population density is included in all
specifications in the full model. ∗∗∗Significant at the 1 percent level, ∗∗Significant at the 5 percent level, ∗Significant at the 10 percent level.
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Table 6: Precolonial ethnic state centralization has no effect for LGA administrated low federal
state control goods: Offgrid, Pit Latrines, Water Access

Offgrid Sanitation Latrine Water Piped Tubewell

(1) (2) (3) (4) (5) (6)

Centralization 0.016 0.048 0.027 0.021 0.005 0.022
(0.011) (0.041) (0.033) (0.025) (0.008) (0.028)

Slavery 0.054 −0.137 −0.056 0.109 0.034 0.119∗

(0.044) (0.090) (0.080) (0.072) (0.028) (0.062)
Petrol 0.043∗∗∗ 0.112∗∗∗ −0.003 −0.003 0.016 0.056∗∗

(0.017) (0.041) (0.051) (0.030) (0.011) (0.026)
Constant −0.474∗ −0.275 −0.431 −1.261∗∗∗ −0.221 −0.553

(0.279) (0.737) (0.712) (0.488) (0.158) (0.447)
Population Density Yes Yes Yes Yes Yes Yes
Disease control Yes Yes Yes Yes Yes Yes
Geographic controls Yes Yes Yes Yes Yes Yes
N 821 821 821 821 821 821
R2 0.110 0.173 0.060 0.089 0.051 0.078
Adjusted R2 0.099 0.163 0.049 0.078 0.039 0.067

Notes: Regressions estimated by OLS. Robust standard errors in parentheses clustered by state. Disease control includes malaria. Geographic
controls include ruggedness, mean elevation, agricultural land suitability and distance to capital and rivers. Results remain insignificant when
the full Centralization index is used. Results remain insignificant when the supermajority muslim interaction is included. Population density
is included in all specifications in the full model. ∗∗∗Significant at the 1 percent level, ∗∗Significant at the 5 percent level, ∗Significant at the 10
percent level.

Table 7: First stage results: Ecological Diversity predicts precolonial state centralization

Precolonial State Centralization

(1) (2) (3) (4) (5)

Ecological Diversity 0.186∗∗∗ 0.192∗∗∗ 0.148∗∗∗ 0.172∗∗∗ 0.170∗∗∗

(0.048) (0.048) (0.050) (0.049) (0.049)
Constant −2.114∗∗ −2.117∗∗ −1.962∗∗ −2.357∗∗∗ −2.352∗∗∗

(0.855) (0.854) (0.816) (0.809) (0.809)
Population Density Yes No Yes No Yes
Disease control Yes Yes Yes Yes Yes
Geographic controls Yes Yes Yes Yes* Yes*
Other controls Yes Yes Yes Yes Yes
Supermajority Interaction No No Yes Yes Yes
N 821 821 821 821 821
Adjusted R2 0.113 0.112 0.536 0.534 0.533
F Statistic 14.93 15.98 8.75 12.30 11.92

Notes: IV 2SLS regression first stage OLS estimates. Robust standard errors in parentheses. Disease control includes malaria. Geographic controls include
ruggedness, mean elevation, agricultural land suitability and distance to capital and rivers in (1)-(3). Ruggedness excluded from geographic controls in (4)
and (5). Other controls include slavery and petrol. Results remain significant when the full Centralization index is used. Results remain significant when the
supermajority muslim interaction is included. Results in (3), (4) and (5) interaction case should be interpreted with caution due to collinearity between the
muslim indicator and supermajority muslim interaction on the RHS and, in the case of (3), an F-statistic ¡ 10. Population density is included in all specifications
in the full model. ∗∗∗Significant at the 1 percent level, ∗∗Significant at the 5 percent level, ∗Significant at the 10 percent level.
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Table 8: OLS and IV results: Effect of precolonial centralization with punishment regime on access to high state control goods:
Grid based Power and flush toilets

Grid (OLS) Grid (IV) Flush (OLS) Flush (IV)

(1) (2) (3) (4) (5) (6) (7) (8)

Centralization 0.039∗ 0.071∗∗∗ 0.454∗∗ 0.367∗ 0.017 0.038∗∗ 0.545∗∗∗ 0.405∗

(0.022) (0.027) (0.208) (0.204) (0.014) (0.017) (0.174) (0.236)
Supermajority Muslim 0.020 0.295 −0.012 0.321

(0.031) (0.180) (0.025) (0.212)
CentXMus −0.082∗∗ −0.382∗ −0.057∗∗ −0.431∗

(0.038) (0.208) (0.026) (0.241)
Constant −0.456 −0.431 0.365 0.247 0.158 −0.062 1.202∗∗∗ 0.905∗

(0.340) (0.363) (0.503) (0.607) (0.237) (0.247) (0.280) (0.546)
Population Density Yes Yes Yes Yes Yes Yes Yes Yes
Disease control Yes Yes Yes Yes Yes Yes Yes Yes
Geographic controls Yes Yes Yes Yes Yes Yes Yes Yes
Other controls Yes Yes Yes Yes Yes Yes Yes Yes
N 821 821 821 821 821 821 821 821
R2 0.151 0.168 0.160 0.162 0.316 0.338 0.337 0.343
Adjusted R2 0.140 0.156 0.150 0.151 0.307 0.329 0.329 0.335

Notes: Robust standard errors in parentheses clustered by state. Dependent variable measures Grid access in (1)-(4), Flush toilet access in (5) -(8). Disease
control includes malaria. Geographic controls include ruggedness, mean elevation, agricultural land suitability and distance to capital and rivers. Other controls
include slavery and petrol. Results remain significant in most specifications when the full Centralization index is used. Population density is included in all
specifications in the full model. ∗∗∗Significant at the 1 percent level, ∗∗Significant at the 5 percent level, ∗Significant at the 10 percent level.
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Table 9: Respondents from punished (S.Muslim) areas in precolonial centralized states seem to
report lower trust in federal institutions (police) over traditional leaders

’Trust’ in Police Over Traditional Leaders (Cent=1)

(1) (2) (3) (4) (5)

S.Muslim −0.165 −0.165 −0.216∗ −0.211∗ −0.238∗

(0.115) (0.112) (0.117) (0.130) (0.138)
Slavery 0.063 0.022

(0.050) (0.051)
Petrol −0.123 −0.110 −0.081 −0.143 −0.086

(0.115) (0.114) (0.102) (0.109) (0.109)
Constant 0.396∗∗∗ 3.347∗∗∗ 3.458∗∗∗ 0.262∗∗ 0.380

(0.049) (1.269) (1.219) (0.105) (0.351)
Population Density Yes Yes Yes Yes Yes
Disease control No Yes Yes No No
Geographic control No No Yes No Yes
N 210 210 174 209 173
R2 0.071 0.086 0.098 0.083 0.082
Adjusted R2 0.058 0.068 0.060 0.065 0.043

Notes: Regressions estimated by OLS. Standard errors in parentheses clustered by state. Dependent variable measures choice of police over
traditional leaders as first resort for help when the respondent has been victim of a violent crime. Disease control includes malaria. Geographic
controls include ruggedness, mean elevation and agricultural land suitability. Full index of slavery based on V70 from the Ethnographic atlas
and Fenske (2014)’s specification is used here to avoid singularities. Slavery is coded into 4 levels, where 0 is ’absence or near absence’ and 3 is
’hereditary and socially significant’. Results remain significant when the full Centralization index is used. Population density is included in all
specifications but (1). ∗∗∗Significant at the 1 percent level, ∗∗Significant at the 5 percent level, ∗Significant at the 10 percent level.
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A Appendix

A.1 Simple Theoretical Model: Sketch

The sections below outline a simple, stylized model driving the empirical specifications and

results in this paper. The relationship between ethnic state leaders and the federal autocratic

regimes can be conceptualized as 2 distinct but related sequential move games: Game 1 and

Game 2. Game 1 outlines the average payoffs of a game between the ethnic state leaders and

the British colonial autocrats spanning years 1885-1960. Game 2 continues from the close of

Game 1 and outlines the average payoffs of a game between the ethnic state leaders and the

Military postcolonial autocrats spanning years 1966-1999. Overall payoffs to ethnic state leaders

and corresponding ethnic states is the sum of payoffs over these 2 games.

A.2 Game 1: Sequential-Move Game Between the Ethnic State Leaders (P2) and the British

Colonial Autocrats (P1)

Cooperate NotCooperate

τB > 0 τB = 0

I1 I I1

Nature(e.g.EcologicalDiversity)

P1

P2

(τB A− θBτB, (1− τB)A + θBτB) (θB − τB A, A− 1
θB

τB)

(θB, A− θB)

(0,0)

Figure 6: Sequential Move Game: (I1, τB > 0, Cooperate) is a Nash equilibrium outcome

The game tree in Figure 6 depicts the average payoffs of a sequential move game (Game

1) between the British colonial autocrats (Player 1 denoted as P1 above) and a ”continuum” of

46



ethnic state leaders (Player 2 denoted as P2) lasting from 1885-1960 (Nunn, 2007). P2 can be from

two types of ethnic states defined as below:

• I1= Precolonial centralized ethnic state in Game 1 (denoted as the Cente= 1 in the empirical

specification)

• I I1 = Precolonial non-centralized ethnic state in Game 1 (denoted as Cente= 0 in the empir-

ical specification)

’Nature’ (or ecological diversity used in this paper) determines P2’s type. If P2 is of type I I1,

the game ends with null payoffs, since bilateral bargaining under a strict form of indirect rule is

impossible without an identified sovereign. If P2 is of type I1, the game proceeds as depicted in

Figure 6 with P1 as the initial mover in the first stage. The payoffs of the game are determined

by a bilateral bargaining and reward/punishment scheme between the British colonial autocrats

and the precolonial centralized ethnic state leaders. When the precolonial centralized ethnic

state leaders were cooperative with British colonial autocrats, they were rewarded with some

proportion of federal benefits θB ∈ (0,1) (e.g. in terms of public service provision like railroad

construction (Gardner, 2012) and increased political autonomy in their region (Ogbomo, 2005;

Otoide, 2005)). When the precolonial centralized ethnic state leaders were not cooperative with

the British colonial autocrats, they were punished by a withdrawal of these benefits (e.g. forfeited

autonomy through bloody depositions and exiles (Ogbomo, 2005; Otoide, 2005)). The ethnic

state leader’s precolonial centralized status allows the British autocrats to monitor and target

punishment in a so-called punishment regime (Magaloni, 2006). Cooperation in Game 1 with the

British colonial autocrats entailed adherence to the fiscal policy instrument described below.

In the first stage of Game 1, the British colonizer (P1) moves, choosing a fiscal policy

instrument τB. The instrument, τB ∈ (0,1) is a fiscal transfer or a ”rate of extraction” that defines

the proportion of the initial wealth of the ethnic state A (with A ∈ [0,1]) (measured in amounts

of agricultural commodities produced- most notably cash crops like cocoa, groundnuts and palm

kernel) that is expropriated by the British colonial regime (Nunn, 2007). The policy instrument

τB can be taxes collected by the British federal autocratic regime, levies or any fiscal transfers to
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the federal autocratic regime from the centralized ethnic state leader P2 of type I I1.

If the British colonizer chooses the no tax regime (τB = 0), then the game ends and the

expected payoff to the colonizer is θB, the benefit that would have been transferred to the ethnic

state leader. The expected payoff to the precolonial centralized ethnic state leader is A− θB, their

initial wealth minus the foregone benefits from the tax instrument.

If the British colonizer chooses the positive tax regime (τB > 0), then the precolonial cen-

tralized ethnic state leader, in the second stage of the game, can choose to ”Cooperate” and

hand over collected tax revenue or ”Not Cooperate” and do the opposite. When the precolonial

centralized ethnic state leader chooses to cooperate, the expected payoff to the British colonial

autocrats is τB A− θBτB or the proportion of the initial wealth expropriated minus the amount of

the benefit given to the ethnic state leader, scaled by the amount of the tax. The expected payoff

the precolonial centralized ethnic state leader from cooperation is (1− τB)A + θBτB or the pro-

portion of the initial wealth transferred to the British colonial autocrats plus the corresponding

benefit.

When the precolonial centralized ethnic state leader chooses not to cooperate under the

positive tax regime, the expected payoff to the British colonial autocrat is θB − τB A, the with-

held benefit. The expected payoff to the precolonial centralized ethnic state leader from non-

cooperation under the positive tax regime is A− 1
θB

τB, the full value of the initial wealth minus

the foregone benefit or punishment scaled as the inverse of θB times the tax. A weak restriction

on the parameters is placed as follows: θB ≤ τB ≤ A.

Proposition A.1. For values of A� (τB,θB) and τB− θB = ε→ 0, the second stage subgame has a Nash

equilibrium in which (I1,τB > 0,Cooperate) is an equilibrium outcome.

A.3 Game 2: Sequential-Move Game Between the Ethnic State Leaders (P2) and the Military

Postcolonial Autocrats (P1)

The game tree in Figure 7 depicts the average payoffs of a sequential move game (Game 2)

between the Military postcolonial autocrats (Player 1 denoted as P1 above) and a continuum of
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Cooperate NotCooperate

γM > 0 γM = 0

I2|I1 I I2|I1

British Policy (Muslim NorthvsSouth)

P1

P2

(γM + τBd A + τBo G− θMτB,θMτB − γM − (1− τBd )A− (1− τB0 )G) (τBo G + θM − τBd A,γM + A− 1
θM

τB)

(τBd A + τBo G− θMτB, (1− τBd )A + θMτB)

(τBo G− θM,θM)

Figure 7: Sequential Move Game: (I2|I1, γM > 0, Not Cooperate) is a Nash equilibrium outcome

ethnic state leaders (Player 2 denoted as P2) lasting from 1966-1999. Continuing from Game 1

and following differential British policy between the Muslim North and the South of the country,

P2 can be from two types defined as below:

• I2|I1= Pre-independence centralized ethnic state in Game 2 given was precolonial central-

ized in Game 1 (denoted as the S.Muslime= 1 and Cente = 1 in the empirical specification)

• I I2|I1 = Pre-independence non-centralized ethnic state in Game 2 given was precolonial

centralized in Game 1 (denoted as the S.Muslime= 0 and Cente = 1 in the empirical specifi-

cation)

Differential British policy between the Muslim North and the South of Nigeria led to strength-

ening of sovereignty among precolonial centralized ethnic state leaders in the Muslim North of

the country, a process termed pre-independence centralization here. It led to the weakening

of sovereignty among precolonial centralized ethnic state leaders in the South of the country,

a process termed pre-independence non-centralization here. Precolonial centralized ethnic state
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leaders in the South (including the non ’super-muslim’ north) were eventually replaced by mostly

democratically elected local officials, marking a gradual to near complete loss of sovereignty in

their regions by the beginning of the military era with the reverse process occurring in the Mus-

lim North as a result of differential British policy towards both regions (Mamdani, 1996; Dudley,

1968; Tonwe and Osemwota, 2013). It was the policy that determined Player 2’s type in Game

2. The early part Game 2, notably the 1970s marked a change in the composition of federal

revenue with the share of oil revenue in government revenue rising to over 80% and the share of

agricultural revenue falling dramatically in comparison. The change was driven by an oil boom

and rising oil prices leading to huge windfalls for the regime in revenue from petroleum (Tonwe

and Osemwota, 2013; Mustapha, 2006; Olasupo, 2001). Wealth from oil is denoted as G ∈ [0,1]

in Game 2. The tax instrument, modeled after the British system, is τB = τBd + τBo , the sum of

domestic taxes of primarily sourced from agricultural commodities initial wealth A, denoted as

τBd and corporate taxes of foreign oil companies sourced from oil wealth G, denoted as τBo . As

before, τB ∈ (0,1). Nationwide public service provision by the military autocrats in the 1970s-

1980s, particularly regarding investments in grid based electricity and sanitation infrastructure

like flush toilets, was funded, primarily, by the oil windfall ( Tonwe and Osemwota, 2013; Uduku,

1994). These military funded federal benefits are denoted as θM ∈ (0,1) here. Rules of the game

regarding bilateral bargaining and reward/punishment scheme are as in Game 1. When the pre-

independence centralized ethnic state leaders (P2 of type I I2|I1) were cooperative with military

postcolonial autocrats, they were rewarded with some proportion of federal benefits θM (e.g. ac-

cess to federal state controlled public services). When the pre-independence centralized ethnic

state leaders (P2 of type I I2|I1) were not cooperative with the military postcolonial autocrats, they

were punished by a withdrawal of these benefits. As in Game 1, the ethnic state leader’s pre-

independence centralized status allows the military autocrats to monitor and target punishment

in a punishment regime (Magaloni, 2006). Cooperation in Game 2 with the military postcolonial

autocrats entailed adherence to the legal policy instrument described below.

When P2 is of type I I2|I1, the game ends trivially with an expected payoff to the military

autocrat of the proportion of the taxed oil revenue less the national public service provision
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described above, and the expected payoff to pre-independence non-centralized ethnic states of

the public service provided θMτB as depicted in Figure 7.

In the first stage of Game 2, the military autocrat (P1) moves, choosing a legal policy in-

strument γM. The instrument, γM ∈ [0,∞) is a legal transfer of political autonomy from ethnic

state leaders to the federal military government through the landmark 1976 Local Government

Reform law. The 1976 law removed ethnic state leaders from their posts as official representa-

tives of local government , and banned them from participation in democratically elected local

governments propped up by the military party system. It relegated them to advisory roles only.

It also allowed for an official grant for the local government leaders as a proportion of mostly oil

fueled federal revenue. (Tonwe and Osemwota, 2013; Hickey, 1984; Mustapha, 2006; Blench et

al., 2006).

If the military autocrat chooses the no legal policy regime (γM = 0), then the game ends

and the expected payoff to the military autocrat, is similar to the equilibrium scenario in Game 1

(described in Proposition A.1), with the expected payoff to the military autocrat equal to τBd A +

τBo G− θMτB, or the sum of the proportion of initial wealth and government revenue appropriated

minus the proportion spent on public benefits or public service provision θMτB. The expected

payoff to the pre-independence centralized ethnic state leader is (1− τBd)A + θMτB or the sum of

the proportion of initial wealth retained and and public services provided by the federal regime.

If the military autocrat chooses the positive legal policy regime (γM > 0), then the pre-

independence centralized ethnic state leader, in the second stage of the game, can choose to

”Cooperate” and step down from their official post without inciting rebellion among their con-

stituents or ”Not Cooperate” and refuse to step down, typified by refusal to abstain from lo-

cal governance politics, withholding tax revenue and, notably from the historiography, inciting

rebellion among their constituents (Hickey, 1984; Tonwe and Osemwota, 2013). When the pre-

independence centralized ethnic state leader chooses to cooperate, the expected payoff to the

military autocrats is γM + τBd A + τBo G− θMτB or the sum of the political autonomy transferred

from the ethnic state leader to the military autocrat, some proportion of the initial wealth and
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government revenue minus the proportion spent on public benefits or public service provision.

The expected payoff to the pre-independence centralized ethnic state leader is θMτB − γM − (1−

τBd)A− (1− τB0)G or the public service provision issued from the military autocrat minus the

political autonomy given up, along with the proportion of initial wealth and government rev-

enue given up by the ethnic state leader with the relinquishing of their position as an official

local government representative.

When the pre-independence centralized ethnic state leader chooses not to cooperate under

the positive legal policy regime, the expected payoff to the military autocrat is τBo G + θM −

τBd A or the proportion of oil wealth kept along with the share of public benefits θM minus the

proportion of the initial wealth τBd A withheld by the non-cooperative ethnic state leader (note,

there is no loss of political autonomy by the military autocrat here since the aim of the legal policy

is a unilateral transfer of autonomy). The non-cooperative pre-independence centralized ethnic

state leader receives an expected payoff of γM + A− 1
θM

τB or the withheld political transfer γM

and initial wealth minus the withheld public services (or plus a punishment) from the federal

regime equal to the scaled inverse of θM. A weak restriction on the parameters is placed as

follows: G > A and τBo � τBd .

Proposition A.2. For values of A, γM, θM and τB such that (A, γM) > θM and τB < θM with τBd →

0 (note in alternate, simplified versions of the model, τBd can be normalized to 0 with no change in the

results), the second stage subgame has a Nash equilibrium in which (I2|I1, γM > 0, Not Cooperate) is an

equilibrium outcome. When (A, γM) > θM and τB < θM, ’Not Cooperate’ is a dominant strategy for

player 2 in Game 2.
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Figure 8: Frequency of ’Riots in Nigeria’ mentions in database of google books over available
time period

A.4 Riots in Nigeria: Google Ngram data

A.5 Evidence from Nigerian Historiography: Cooperation, Punishment and Access to Public

Infrastructure Services in Precolonial Nigeria to Present

A.6 Precolonial Nigeria: c. 1850s

By the 1850s, in the territory that became known as Nigeria, some central plotlines are identified

by historians of this period. First is the presence of more or less centralized ethnic states, with

broadly, monarchial Yorubaland (headed by the Alafin and attendant council) to the Southwest,

The Edo and monarchial Benin Kingdom (headed by the Oba and attendant council) to the

South South, monarchial Hausaland (headed by the Hausa kings) to the Northwest, the Bornu

kingdom (headed by the Mai) to the Northeast and The less centralized but still with organized

chieftaincy and governance structures and impressive trading capacities among their subgroup,

the Aro, Ibos/Igbos to the Southeast (Falola, 2005; Ogundiran, 2005). Then there were the so-

called ”stateless” or non-centralized societies like the Ekoi to the South, the Bakakari to the North

sprinkled in between throughout the region as depicted in (c) of figure x.
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Another major thread is the nearing of the close of the Atlantic slave trade, the collapse of

the Old Oyo Empire in Yoruba land unleashing unprecedented levels of warfare in the region

and contributing to the expansion of sovereignty crystallized in Murdock’s 1967 Atlas (Dudley,

1968; Ogbomo, 2005). Most important for this paper’s thesis during this period, however is the

expansion of the infamous Sokoto caliphate political state spearheaded by Usman Dan Fodio at

the beginning of the 19th century and transforming most of Northern Nigeria through a series of

jihads into Islamic political states by the mid 19th century headed by religious/political Fulani

rulers titled ’Emirs’ as depicted in (d) in Figure/refnigeria. This expansion would have important

consequences for the doctrine of indirect rule that followed and the differential application of this

doctrine in the converted muslim North, particularly the supermajority muslim North versus the

area delineated South (and consisting of areas not part of the Sokoto caliphate) during the period

of British colonial rule (Dudley, 1968).

A.7 British Colonial Nigeria: 1885-1960

The colonial period in Nigeria dates as far back as 1800, with events like the annexation of La-

gos as a crown colony in 1861, heralding the eventual British occupation of the area that would

come to be known as Nigeria in 1885. Until 1900, cooperation between ethnic state kings and the

British colonial regime, headed by Sir Frederick Lugard in Nigeria was sometimes with ethnic

state kings rebelling against British encroachments on their sovereignty with 2 notable examples

being the opposition by King Jaja of Opobo and Oba Ovonranmwen of Benin in 1897 (Ogbomo,

2005). Punishment however was swift and brutal in the case of the latter, with both monar-

chs deposed and exiled and a bloody, destructive ’punitive expedition’ in 1897 throughout the

Benin empire (Ogbomo, 2005; Otoide, 2005). The lessons for centralized ethnic state leaders, who

might have had incentive to vie with the British colonials over sovereignty in their area was clear,

these new entrants to the political field had no sympathy ( f j = 0) for detractors and retaliation,

punishment for non-cooperating entities would be brutal and swift; on the other hand, for co-

operators with the regime, the rewards could be plentiful in the form of increased autonomy in

one’s jurisdictions and the benefits thereof under indirect rule as discussed below. By 1900, all of
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Nigeria, including the previously antagonistic Sokoto caliphate, had been brought under British

rule. However, once centralized ethnic state leaders surrendered, a ’pacifist’ approach under the

system of indirect rule became the rule of the day.

Under Lugard’s doctrine of indirect rule, centralized ethnic state leaders were given autonomy

over their regions crystallized in a series of legislations starting with the Native Courts procla-

mation in 1900 and followed by the Native Revenue Proclamation in 1904. Authority over tax

collection and administration of justice within their areas was afforded to centralized ethnic state

kings. As of this time Nigeria was administered as 2 separate provinces, a Northern Province

headed by Lugard and aligned with the boundaries of the Sokoto caliphate and a Southern

province. Impressed with the extent of the Sokoto caliphate, its high tax bureaucratic capacity

and highly hierarchical nature of the ’Muslim North’, and eager to consolidate support of the

ruling elite in the area as a strategy for solidifying British rule in the area, Lugard pursued a pol-

icy of complete non-intervention in Northern Nigeria where he promised the Sultan of Sokoto in

1903 to have ”non-intervention in matters of religion or ’tradition’” This doctrine was crystallized

in the Native Authority Proclamation of 1907 where the Emir became the sole Native Authority

within their jurisdictions in a hyper-centralization of power in the hands of these figures. Note

this was a significant break with the practice in the 1850 period, as while the Emirate system was

highly hierarchical, there had existed ”various middlemen” in the ’traditional’ precolonial system

who acted as a manner of checks for the power of the Emir (Dudley, 1968; Mustapha, 2006). With

the hypercentralization of power in the hands of the Emir, these middlemen had their posts ’abol-

ished’, leading to unprecedented near despotic levels of power afforded to Emirs in the Muslim

North of the country and prompting FW de St Croix to comment that ”Not only was authority of

the Emir unchecked by his Council...the Emir quickly became an absolute ruler” (Dudley, 1968).

Added to Lugard’s ideological vision of fashioning the Muslim North as a ”modern, aristocratic

Anglo-Muslim” region (Mustapha, 2006) that would be free of the ’challenging, revolutionary’

influences of Christian missionary led ’Western education’ on the local populace that was pro-

liferating in the South (and that led Graham to make the observation ’It was Lugard’s view that

in Southern Nigeria, ”education had produced men discontented, impatient of any control and
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obsessed with their own importance” ’(Mustapha, 2006; Graham 1966:136; Dudley, 1968)) and of

course, completely under British control, and the divide in administration between the Northern

and Southern protectorates became so wide that even after the amalgamation of the 2 protec-

torates into a single Nigeria in 1914, so disparate were the political systems in both that years

later in 1939, on visiting the Southern Lagos for the first time, the Northern Premier Sir Ahmadu

Bello ”viewed with a lack of comprehension, with suspicion and dissatisfaction Southern politics

and politicians” (Dudley, 1968).

And so it continued, that while political power of centralized ethnic state leaders in the South

became more and more decentralized, with emergent Western educated elites increasingly ex-

pressing their disdain for ’backward political systems’ and their desire for more power in the

colonial political structure culminating in the replacement of the Native Authority system with

elected local councils under the Local Government Ordinance of 1950 which relegated South-

ern ethnic state or traditional leaders to merely ceremonial roles, in the North, power became

increasingly centralized in the hands of Emirs, particularly in states with high majority muslim

populations after first, the Native Authority Ordinance of 1933 reclassified Native Authorities,

modifying the policy with regards to ’Non-Muslim areas of the North’ and the Native Authority

Law of 1954 which further consolidated power in the hands of high majority muslim emirs with

allowances afforded for the introduction of justice systems based on Sharia law in these areas

(Dudley, 1968; Tonwe and Osemwota, 2013).

So it was that by the end of the colonial era and independence in 1960, there were 2 very dif-

ferent systems of local governance in Nigeria, one in the North, particularly the high majority

muslim North, where Emirs were afforded near absolute power over their jurisdictions under the

Native Authority system and one in the South and non-high majority muslim North where more

decentralized, democratic systems of local governance had cropped up to erode the authority

of centralized ethnic state leaders in the area. At this time, investment in infrastructure by the

British was minimal and largely catered to the needs of British residents with two small gener-

ating sets built to serve British colonials in Lagos in 1886 (Sambo, 2012). It was not till towards
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the close of the colonial period in 1951 that the federally controlled Electricity Corporation of

Nigeria (ECN) was established in the country with the next significant investment/innovation

in the country’s power infrastructure not occurring till 1972 when the National Electric Power

Authority (NEPA) was formed under military rule (Sambo, 2012).

A.8 Military Nigeria: 1966-1999

Fast forwarding past the brief detour into democracy between 1960-1966 and apart from a short

period of pseudo-’democracy’ between 1979-1983, the subsequent next 30 or so years of Nigerian

history were characterized by autocratic military rule replacing the previous autocratic British

colonial regime. Most significantly for the story of cooperation between the centralized ethnic

state leaders under the Native Administration system that still existed in formidable form in the

high majority or supermajority Muslim North, was the slow erosion of Native Authority and the

Emir’s powers by military officials who wanted to consolidate power and feared the influence of

these Emirs (Mustapha, 2006; Tonwe and Osemwota, 2013). In light of the efforts by the military

regime to undermine the authorities of the Northern, Muslim Emirate/Native Authority local

governance system, the military period has been described as ”traumatic for muslim establish-

ment of Northern Nigeria” (Hickey, 1984). At no time was this trauma more evident than in the

complete demolition of the Native Authority system with the establishment of the 1976 Local

Government Reform law that removed traditional leaders from politics, virtually banned them

from participation in democratically elected local governments with the establishment of the Lo-

cal Government Area as the smallest constitutionally acknowledged unit of local administration

in the country and shafted ethnic state/traditional rulers to mere advisory roles, if even that in

some cases. The break was traumatic for the rule of the Emirs particularly under the high Muslim

majority states where they had enjoyed near absolute levels of autonomy over their territories for

almost a century under British colonial policy. And understandably, the move spurred enormous

opposition from traditional leaders in these areas. In the South, however where previously men-

tioned laws had already greatly subdued the powers of traditional rulers, there was little or no

opposition to the 1976 law. (Tonwe and Osemwota, 2013; Hickey, 1984; Mustapha, 2006; Blench
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et al., 2006).

It should also be noted that part of the reason the military regime felt comfortable completely

dismantling the Native Authority regime in 1976, traditionally in charge of tax collection in their

locales, was that around the same time in 1973, an oil boom, meant Nigeria was now flush with

revenue from petrol and for perhaps the first time in the country’s history, its federal govern-

ment no longer depended on tax revenue for its income (Tonwe and Osemwota, 2013). With the

new petrorevenue, came investment in a series of public works projects in the 1970s-1980s and

most notably a cash grant given out as incentive to areas which installed septic tanks and flush

toilets after the abolishment of the bucket latrine system by federal decree in 1977 (Uduku, 1994).

With the high federal state control of the electricity infrastructure through NEPA, the high fed-

eral state control of flush toilet access at primary public schools through the cash grant scheme

(which the government had taken over in 1974-1976), the new petrol fueled independence of the

military government from the local traditional rulers and subsequent abolishment of the Native

Authority system, what this meant for non-cooperating Northern traditional rulers refusing to

relinquish political power under the 1976 law from these high majority muslim areas who had

experienced the most ’trauma’ over loss of political power post the 1976 law was that punishment

from the regime was able to take on a different form than punishment for non-cooperation had

been under the British colonial era. Namely, the military strategy transformed from one of swift

punishment of rebellious traditional rulers in the form of exile and occasionally execution (a la

the British), to one of not-so benign neglect of jurisdictions ruled by non-cooperating Emirs, with

underinvestment in these high state control goods becoming the dominant strategy by military

elites during this period (Tonwe and Osemwota, 2013; Mustapha, 2006; Olasupo, 2001; Blench et

al., 2006). This punishment of underinvestment was particularly pronounced in areas with no

cleavage to the military government (Mustapha, 2006; Blench et. al, 2006; Osaghae, 2006) particu-

larly where the military presidents themselves did not originate. And the tension and discontent

spawned by this non-cooperation was evident throughout the supermajority Muslim states with

a series of riots, so called ’muslim uprisings’ breaking out in Northern supermajority muslim

cities in the 1980s with a particularly bloody, infamous one being the 1982 Maitatsine uprisings
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in Maiduguri (capital of Borno state, former homeland of the precolonial Bornu kingdom) in

Nigeria (Hickey, 1984).

A.9 And Today: Traditional Leaders and Local Government Areas and Public Service Provi-

sion

The relationship between the current democratic regime and traditional rulers, particularly with

historically precolonial era centralized ethnic state leaders has somewhat changed from the mili-

tary era. The current strategy by the federal government has been to gain legitimacy in formerly

centralized areas by lobbying the support of traditional leaders from these areas calling on their

social capital with their citizenry to resolve internal conflicts in their regions and promote federal

policies like the 2012 national immunization efforts (Blench et. al, 2006; Tonwe and Osemwota,

2006; Johns Hopkins, 2012). Here as in the past, cooperative traditional leaders from formerly

centralized ethnic states, that are often the target of the federal government relationship building

for all the reasons mentioned previously, are able to benefit from the bargaining with federal

authorities for greater access to currently federally controlled resources for their areas, among

which were the health/immunization efforts of 2012. Today, constitutional local governance is

at the level of the LGA and not the Native Administration system in Nigeria. From the orig-

inal just over 300 created in 1976, there are currently 774 Local Government Areas (LGAs) in

Nigeria today. Broadly, the governance of the LGAs has 2 main parts, a Policy making body

and an Executive body. Council members are elected in a democratic process and the Policy

making department is headed by 4 main executives- the executive chairman, the vice chair-

man, the supervisory councilor and the councilor, complemented by 3 groups of personnel in

the Executive body- the secretary, head of departments and subordinate staff. The departments

are further divided into 7 parts, the General and Administrative Department, the treasury, the

Works department, the Health Department, the Maternity Division of the medical department,

the Dispensary Division of the Medical Department and the Farm Division. Some of the duties

of the LGA include responsibility for sanitation access- including pit latrine maintenance, most

immunization programs (with the exception of the 2012 date of the survey, where as will be dis-
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cussed in the Data section, the national government intervened to ramp up child immunization

efforts hosting its first ever national vaccine summit in the capital Abuja in 2012, and spurring

the classification in this paper of immunization in 2012 as a federally administrated, but medium

federal state control good (Johns Hopkins, 2012)) , the health centers, maternity center adminis-

tration, water supply- including its rural and urban extension, construction and maintenance of

primary schools, town planning and care of markets and motor-parks. Under the current system,

LGAs are allocated funds from the federal government (up to 20% of federal revenue as of 2004

(Khemani, 2004)) which they can use to attend to the aforementioned responsibilities. Of the

problems cited by observers of the system are the presence of too many actors, with difficulty

reaching consensus on projects to pursue with subsequent high incentives for corrupt activities in

the absence of accountability mechanisms from the federal government and where staff are often

underpaid or not paid at all; lack of accountability is also partly driven by the lack of continu-

ity of LGA governments and executives within LGA governments (Olanipekun, 1988; Khemani,

2004; Olowu and Erero, 1995). In this multilateral bargaining framework, there is no role for the

ethnic state/traditional leaders in the bargaining/decision making process and hence no effect

of ethnic state centralization on locally administrated, low federal state control goods.

A.10 Robustness checks
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Figure 9: Ecological Diversity Index Range by Centralization Indicator

Figure 10: Ecological Diversity Index by Centralization Indicator and Geopolitical Zone
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Figure 11: Effects of precolonial centralization on grid access with varying slopes at current
state-level (heterogeneity with multilevel model). In red, areas where coefficient turns noticeably
negative.
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Figure 12: Respondents from precolonial centralized areas subjected to punishment regime (prox-
ied by supermajority muslim indicator) report less ’trust in police over traditional leaders’ than
their precolonial centralized counterparts in non-punishment regime states: 1= police, 3=tradi-
tional leaders

Table 10: Robustness check: split sample for S.Mus=0 and 1; effects retain sign at 90% and 95%
Confidence level

Grid, S.Mus=1 Grid, S.Mus=0 Flush, S.Mus=1 Flush, S.Mus=0

(1) (2) (3) (4)

Centralization −0.055∗∗ 0.071∗∗ −0.028. 0.032∗

(0.028) (0.029) (0.021) (0.017)
Petrol 0.058∗∗ 0.106∗∗∗

(0.027) (0.031)
Slavery 0.040∗∗ −0.007 0.008 0.020

(0.016) (0.015) (0.011) (0.036)
Constant −0.214 −0.235 0.553∗∗∗ −0.085

(0.212) (0.293) (0.105) (0.161)
Population Density Yes Yes Yes Yes
Disease control Yes Yes Yes Yes
Geographic controls Yes Yes Yes No
N 215 601 215 606
R2 0.244 0.125 0.341 0.253
Adjusted R2 0.219 0.114 0.318 0.244

Notes: Regressions estimated by OLS. Robust standard errors in parentheses clustered by state. Dependent variable measures Grid access in the
S.Mus=1 and S.Mus=0 split samples in (1) and (2) respectively, Flush access in the S.Mus=1 and S.Mus=0 split samples in (3) and (4). Disease
control includes malaria. Geographic controls include ruggedness, mean elevation, agricultural land suitability. Results remain significant
when the full Centralization index is used. Petrol omitted for S.Mus=1 case where no petrol deposits. Population density is included in all
specifications in the full model. ∗∗∗Significant at the 1 percent level, ∗∗Significant at the 5 percent level, ∗Significant at the 10 percent level.
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Table 11: Robustness check: split sample for S.Mus=1 and Nomil=1 (punished and nonfavored);
effects retain sign at 90% Confidence level

Grid, S.Mus=1 Grid, S.Mus=1 and NoMil=1 Flush, S.Mus=1 Flush, S.Mus=1 and NoMil=1

(1) (2) (3) (4)

Centralization −0.055∗∗ −0.064∗ −0.028. −0.036∗

(0.028) (0.038) (0.021) (0.021)
Slavery 0.040∗∗ 0.030 0.008 0.007

(0.016) (0.026) (0.011) (0.014)
Constant −0.214 −0.161 0.553∗∗∗ 0.557∗∗∗

(0.212) (0.329) (0.105) (0.110)
Population Density Yes Yes Yes Yes
Disease control Yes Yes Yes Yes
Geographic controls Yes Yes Yes Yes
N 215 109 215 109
R2 0.244 0.294 0.341 0.304
Adjusted R2 0.219 0.245 0.318 0.255

Notes: Regressions estimated by OLS. Robust standard errors in parentheses clustered by state. Dependent variable measures Grid access in
the S.Mus=1 split samples in (1) and (2) respectively, Flush access in the S.Mus=1 split samples in (3) and (4). Disease control includes malaria.
Geographic controls include ruggedness, mean elevation, agricultural land suitability. Results remain significant when the full Centralization
index is used. Petrol omitted for S.Mus=1 case where no petrol deposits. Population density is included in all specifications in the full model.
∗∗∗Significant at the 1 percent level, ∗∗Significant at the 5 percent level, ∗Significant at the 10 percent level.
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A second means of correcting for spatial autocorrelation is with the spatial error model

which has the form:

Y = Xβ + ε (6)

ε = λWε + ξ (7)

with: ξ assumed normal, mean 0 and homoskedastic (classical assumptions) and ε as a

vector of error terms, weighted using the pre-specified spatial weights matrix W, λ as the scalar

parameter of the spatial error term. Note, rewriting Y with the solved error term, reveals non-

linearity in the model, and the coefficients are estimated by maximum likelihood. A number of

spatial weights were tested here, and sample results for grid access and meningitis immuniza-

tion availability for W = KNN(4) - the symmetric 4 nearest neighbors spatial weight matrix are

presented below. Dependence on the specification of the spatial weight matrix for estimation

of the coefficients is an issue here, with coefficient estimates on Centralization differing slightly

from the OLS with clustered errors model here.
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Table 12: Spatial Error Model Results W=KNN(4), for Grid Access and Meningitis Immunization
Availability on Precolonial Centralization

Grid Meningitis Imm.

(1) (2)

Centralization 0.032∗ 0.041∗

(0.019) (0.021)
Slavery 0.025 −0.032

(0.036) (0.043)
Petrol 0.069∗∗∗ −0.034∗

(0.019) (0.019)
Constant 0.136 −0.421

(0.256) (0.286)
Population Density Yes Yes
Disease control Yes Yes
Geographic controls Yes Yes
N 945 945
Log Likelihood 548.504 304.093

Notes: Regressions estimated by ML. Dependent variable measures Grid access and Meningitis Immunization
availability. Disease control includes malaria. Geographic controls include ruggedness, mean elevation, agricul-
tural land suitability. Population density is included in all specifications in the full model. ∗∗∗Significant at the
1 percent level, ∗∗Significant at the 5 percent level, ∗Significant at the 10 percent level.
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